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Executive Summary
EDN is a compressed gas containing the active ingredient ethanedinitrile at a concentration of 1000 g/kg, at
a minimum purity of 95%.
The active ingredient is new to New Zealand. The applicant seeks to have EDN approved for use as a
fumigant for insect pests, nematodes and fungi in timber logs for export.
The active substance ethanedinitrile is approved in Australia as a fumigant.
Ethanedinitrile toxicity is believed to be mediated through its hydrolytic breakdown to the cyanide ion (CN-)
(also called cyanide). The toxicological data for ethanedinitrile consist of some studies submitted by the
applicant and some studies found in public literature, but is primarily based on toxicological studies from
various surrogate compounds that also contain cyanide or release CN- during their metabolism similar to
ethanedinitrile. The total database of studies on these structural surrogates is extensive and robust and is
considered sufficient to ascertain the toxicological hazard potential of ethanedinitrile and to characterise the
potential risks to human health from its exposure.
The toxicological hazards of cyanides have been the subject of numerous reviews published by foreign
governmental agencies including: the World Health Organisation (WHO), the United States (US) Department
of Health and Human Services – Public Health Service – Agency for Toxic Substances and Disease Registry
(ATSDR), the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC), the US-National
Research Council (NRC), the US-National Institute of Environmental Health Sciences – National Toxicology
Program (NTP), and the Australian Pesticides and Veterinary Medicines Authority (APVMA). Unless
otherwise stated, all endpoint data summarised in this document were sourced from the relevant overseas
reviews. We have accepted the conclusions of the overseas reviewers and have not assessed in detail all of
the original reports presented in them.
We have assessed the risks to people and the environment in New Zealand from the use of EDN using the
endpoint data available on ethanedinitrile and on the cyanide surrogates using standard risk assessment
methodologies.
Potential exposure to ethanedinitrile from log fumigation under tarpaulins was modelled using weather data
from the Port of Tauranga. All exposure levels derived from this modelling were well below the current and
proposed WorkSafe exposure standard levels, 10 and 2 ppm respectively, for safe occupational exposures
indicating Personal Protective Equipment (PPE) would not be required except for in certain circumstances.
Exposure estimations from fumigation of logs in fumigation chambers, shipping containers, and ship’s cargo
holds were not provided so the risk associated with these types of use patterns was not determined nor
evaluated.
Two exposure scenarios were considered to assess exposure risks to bystanders (general public) to
ethanedinitrile. The first being of an acute nature such that might occur in accidental situations or in the
context of single one-time or occasional exposure events, and another exposure scenario for the general
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public for exposure that might occur from a more chronic and continuous (24 hour) nature. The health risks
to bystanders associated with acute occasional exposures were low, as the modelled exposure levels were
well below an established threshold value for periods of up to 8 hours. Health risk concerns were higher for
the modelled exposure levels that might occur on a chronic continuous basis as they were slightly above the
established Tolerable Exposure Limit (TEL) at 100 metres, unless application method controls were
incorporated into the fumigation process.
Risks to the environment from use of EDN are considered negligible with the proposed controls in place.
Following fumigation of timber log stacks using tarpaulin, as indicated by the exposure modelling,
ethanedinitrile rapidly dissipates in the atmosphere once the tarpaulin is removed. As such, as a result of the
very low air concentrations expected, it is considered that any direct exposure that may occur to non-target
plants, aquatic organisms, terrestrial vertebrates (birds) and terrestrial invertebrates would be of negligible
effect with the proposed controls in place.
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1. Background
1.

This application is to manufacture and/or import the substance EDN, containing 1000 g/kg
ethanedinitrile (also known as cyanogen) at a minimum purity of 95%.

2.

EDN is intended to be used as a fumigant for the control of insect pests, nematodes, and fungi infesting
timber and logs.

3.

EDN is a liquefied gas under pressure in 73L cylinders containing the active ingredient ethanedinitrile.
The active ingredient is new to New Zealand.

4.

The active ingredient and substance are approved in Australia under the names Sterigas 1000TM
fumigant and EDN Fumigas® for the fumigation of logs and crops (pre-plant treatment of strawberries),
respectively.

5.

The active ingredient is ethanedinitrile which breaks down by hydrolysis into the toxic metabolite
cyanide ion (CN-).

6.

Ethanedinitrile and the cyanide ion (CN-) have been the subject of reviews by: the World Health
Organization (WHO), the United States (US) Department of Health and Human Services – Public Health
Service – Agency for Toxic Substances and Disease Registry (ATSDR), the European Centre for
Ecotoxicology and Toxicology of Chemicals (ECETOC), the US- National Research Council (NRC), the
US-National Institutes of Environmental Health Sciences – National Toxicology Program (NTP), and the
Australian Pesticides and Veterinary Medicines Authority (APVMA).

7.

We have accepted the conclusions of the overseas reviewers and have not assessed in detail all of the
original reports presented in them.

8.

While the applicant did provide some toxicology and ecotoxicology test data on ethanedinitrile, unless
otherwise stated, all endpoint data summarised in this document were sourced from the relevant
overseas reviews and the studies utilised were deemed to be of sufficient quality for assessing each
endpoint. For full details of testing undertaken, reference should be made to the relevant sections of the
overseas reviews.

9.

We have assessed the risks to people and the environment in New Zealand from the use of the
substance as a log fumigant using the endpoint data available and generally accepted procedures
adopted by regulatory authorities worldwide for assessing risks to human health and the environment.
Full details of the risk assessments can be found in Appendices H and I.
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1.1 Regulatory status
Table 1: Regulatory status in New Zealand and overseas
International regulatory history1
Mixture name

Regulatory history in New Zealand
(Australia, Canada, Europe, Japan, USA)
Approved with controls in Australia for the
fumigation of timber (Sterigas 1000TM

EDN

New substance (not previously approved)
fumigant) and strawberries (EDN Fumigas®);
APVMA Product number P60096

2. Hazardous properties
10. The hazard classifications proposed for the active ingredient and substance are outlined in Table 2 and
discussed in more detail below.

Table 2: Proposed classification for active and substance
Hazard endpoint

Ethanedinitrile

EDN

Flammable gas

2.1.1A

2.1.1A

Acute toxicity (inhalation)

6.1B

6.1B

Aquatic ecotoxicity

9.1A

9.1A

Physical/chemical hazard classifications (classes 1-5)
Flammability, gases (hazard class 2)
11. The lower explosive limit (LEL) reported by the applicant for ethanedinitrile is 6.45% by volume in air.
This meets one of the classification criteria in the Hazardous Substances (Classification) Notice 2017,
Schedule 2, Clause 2 for 2.1.1A (Flammable gas, high hazard), that the LEL be below 13%.

Toxicity hazard classifications (class 6)
12. Ethanedinitrile is of relatively high acute toxicity to mammals and should be classified 6.1B for acute
inhalation toxicity. No evidence of dermal toxicity or dermal irritation was observed in acute exposure
studies to the gas. Cyanide and cyanide compounds are not known to induce contact sensitisation.
Ethanedinitrile is not classified as an eye irritant even though it induces an “irritation” sensation

1

It is noted that while ethanedinitrile is not approved for use in Malaysia it is accepted as a treatment for wood imported

into Malaysia.
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response to the eyes (and throat) in humans at ~16 ppm. The mechanism of this effect is through the
direct stimulation of sensory nerves as opposed to direct tissue damage which is the basis for a 6.4 eye
irritation classification. A sensory irritation response can represent a valuable method of detecting an
elevated concentration of ethanedinitrile as the gas is odourless until ~250 ppm. (Note: This sensory
response is NOT meant to be used in lieu of reliable electronic monitoring devices in a workplace for its
detection.) Results of genotoxicity studies conducted on ethanedinitrile were positive but deemed to
likely be false positives associated with cellular toxicity due to CN - formation. Cyanide compounds are
not considered to be genotoxic, carcinogenic, or reproductive/developmental toxicants.

Ecotoxicity hazard classifications (class 9)
Aquatic toxicity (hazard class 9.1)
13. Ethanedinitrile is very ecotoxic in the aquatic environment and triggers a 9.1A HSNO hazard
classification. This classification is based on read-across test data from sodium cyanide (as per the
Simon (2011) and Wenzel (2011) studies summarised in Tables 54 and 55, Appendix J). The applicant
also proposes that ethanedinitrile has a 9.1A hazard classification.
Soil toxicity (hazard class 9.2)
14. The applicant proposes that ethanedinitrile is not toxic in the soil environment. The EPA disagrees with
this proposal since no reliable test data are available to make that conclusion. Furthermore,
ethanedinitrile is approved for use as a soil fumigant (in the product EDN Fumigas®) in Australia by the
Australian Pesticides and Veterinary Medicines Authority (APVMA). As such, it is considered highly
likely that ethanedinitrile is toxic in the soil environment, and a 9.2 hazard classification is likely to apply.
The ecotoxicity of ethanedinitrile in the soil environment could not be determined in this instance
however, due to a lack of test data.
Terrestrial vertebrate toxicity (hazard class 9.3)
15. The applicant proposes that a hazard classification for ecotoxicity to terrestrial vertebrates is not
applicable (“NA”) since ethanedinitrile is a gas and oral exposure is not a relevant route of exposure.
Since hazard class 9.3 is only concerned with toxicity to terrestrial vertebrates via the oral route of
exposure, the EPA is in agreement with the applicant’s conclusion, and accepts that a 9.3 hazard
classification is not applicable to ethanedinitrile.
Terrestrial invertebrate toxicity (hazard class 9.4)
16. Finally, the applicant proposes that a hazard classification for ecotoxicity to bees and other terrestrial
invertebrates is also not applicable (“NA”). The EPA disagrees with this conclusion since no reliable test
data are available to make that conclusion. In addition, it seems conceivable that it could be possible to
expose bees to ethanedinitrile. As such, the EPA disagrees with the applicant’s proposal and considers
instead that ecotoxicity to terrestrial invertebrates could not be determined (“ND”). It is considered highly
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likely however that ethanedinitrile is toxic to bees and other terrestrial invertebrates based on its
conversion to CN-, and is likely to trigger a 9.4 hazard classification if the test data existed.

3. Risk assessment context
17. We consider there is potential for significant exposure to people and/or the environment during the use
phase of the lifecycle of EDN. We have therefore undertaken quantitative risk assessments to assess
the likely exposures to the substance under the use conditions proposed by the applicant.
18. During the importation, manufacture, transportation, storage and disposal of EDN we consider that the
proposed controls and other legislative requirements will sufficiently mitigate risks to a negligible level.
This assessment takes into account the existing HSNO requirements around packaging, identification
and disposal of hazardous substances. In addition, the Land Transport Rule 45001, Civil Aviation Act
1990, Maritime Transport Act 1994 and New Zealand’s health and safety at work requirements all have
provisions for the safe management of hazardous substances.

4. Human health risk assessment
19. For the application method of fumigation under a tarpaulin, the predicted worker exposures to
ethanedinitrile on the downwind side of the log pile source are below both the current (10 ppm) and
proposed (2 ppm) New Zealand Workplace Exposure Standard (WES) limits at a minimum buffer zone
of 10 m for a single log pile source, or at a 20 m distance when multiple log piles have been fumigated
(10 m concentrations were not modelled for multiple log piles) (Graham, 2018). This exposure estimate
for workers is a modelled estimate of a 95th percentile exposure at various distances from either a single
750 m3 log pile source or 20 m from a multiple (30) log pile source at a time period of either 1 or 24
hours after tarpaulin removal at the conclusion of a fumigation process. Although the estimated
ethanedinitrile concentrations at the 10 or 20 m distances are below the proposed WES, it is based on a
mixing gradient starting at the source (log pile) where the ethanedinitrile concentration is estimated to
be anywhere from ~200 to ~9,500 ppm (extreme variation is due to exposure modelling assumptions
noted in the report, Graham, 2018). Therefore, appropriate respiratory PPE should be required when
working within 10 m of a single fumigated log source or 20 m of multiple log pile sources to ensure risks
of adverse health effects are mitigated.
20. No data were provided to assess the potential exposures from emissions from the use of EDN in
fumigation chambers, shipping container, or ship’s cargo holds. Without knowledge of the potential
exposures, safe buffer zone distances, appropriate PPE and monitoring practices cannot be set to
ensure exposure to workers is minimised to safe levels.
21. Risk associated with ethanedinitrile exposure to bystanders or the general public was evaluated under
two different types of exposure scenarios. The first being a short-term (very acute and transient)
exposure lasting anywhere from 10 minutes (min) to 8 hours (hr); and the second scenario for repeated
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exposures over a longer term. This latter scenario would apply to people who may be residing in close
proximity to a fumigation facility in which exposure durations could be of a more continuous nature.
22. For the short-term exposure risks, the modelled exposure levels were compared to the acute exposure
guideline values (AEGLs) established for ethanedinitrile by the NRC designed to protect the general
population of varying sensitivities. Under this exposure scenario, the risks to bystanders are considered
negligible as the highest modelled exposure level (ie, the 24 hr exposure average 20 m from a multiple
log fumigation process that included all the modelling uncertainty adjustments) is only 0.858 ppm and
the AEGL threshold value of concern ranges from 2.5 ppm (10 min exposure) to 1 ppm (8 hr exposure).
23. For longer term exposure risks, the modelled exposure levels were evaluated in the context of the EPA
staff-derived TEL of 0.034 ppm for ethanedinitrile. Under this exposure scenario, risks to bystanders are
negligible from a single source log pile at a distance of 60 m as the estimated exposure level after all
the uncertainty adjustments are included is 0.030 ppm. Risk to bystanders where there is a multiple log
pile exposure source are ~8X above the TEL even at a distance of 120 m as the modelled exposure
levels after all the uncertainty adjustment factors are included is 0.266 ppm. In order to bring exposure
down to an acceptable level, controls would need to be set.
24.

EDN contains two impurities of toxicological concern: hydrogen cyanide (CAS 74-90-8) 0.5% and
carbon dioxide (CAS 124-38-9) 2.0%. Although these gases are highly toxic, the risk they present is of
low significance given the higher concentration and high acute toxicity of the ethanedinitrile active.

5. Environmental risk assessment summary
25. Ethanedinitrile is expected to dissipate rapidly within the atmosphere once the tarpaulin is removed from
the log stacks and ventilated, based on the exposure modelling.
26. Based on the proposed use pattern it is considered that there is no direct exposure pathway to plants,
aquatic organisms or terrestrial invertebrates.
27. Due to a lack of direct exposure to aquatic organisms or direct contamination of surface water, direct
risks to aquatic organisms are considered to be negligible.
28. Terrestrial vertebrates and invertebrates, particularly threatened or non-threatened native species, are
unlikely to be found in the surroundings of a port where ethanedinitrile will be vented. Since the
likelihood of exposure is low, the direct risks to non-target terrestrial invertebrates are considered to be
negligible. However, there are concerns regarding the risks to terrestrial vertebrates (birds) when
ethanedinitrile is vented. The EPA proposes to apply a control to only allow fumigations to occur where
water bird colonies are not known to exist in order to minimise risks to bird species from inhalation of
this substance. Furthermore, a permission control would enable the EPA to manage potential risk to
birds as the EPA could request a site specific risk assessment to be provided by the users, including the
location of, and species present of, nearby bird colonies and their distance to the treatment site, and
how potential risks will be managed.
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29. Based on the use patterns outlined in the application, we consider risks to the environment to be
negligible provided that the use is restricted to fumigation of logs at port locations. It should be noted
that if the applicant wishes to apply for additional uses in the future (for example soil fumigation), the
applicant would be required to provide additional environmental fate and ecotoxicology information in
order for the risks from those uses to be evaluated.

6. Proposed controls
30. The EPA staff consider that the prescribed controls would manage a number of the identified risks to
humans and the environment. However, it is recommended that the following requirements or controls
are added in a Safe Work Instrument or under Section 77 and Section 77A of the HSNO Act to
adequately manage the risks to human health and the environment:
Proposed additional requirements that fall under WorkSafe’s jurisdiction


PPE should be worn by workers when they are within 10 m of a single log stack or within 20 m of
a process in which multiple log stacks are being fumigated.



The concentration of EDN under the tarpaulin should be ≤700 ppm prior to the removal of the
tarpaulin from a fumigated log pile.

Proposed additional controls that fall under HSNO


The following limit is set for toxicologically relevant impurities in the active ingredient
ethanedinitrile used to manufacture this substance: Hydrogen cyanide: 1% v/v maximum



The maximum application rate of this substance is 150 g of substance/m 3



EDN must not be applied into or onto water.



A use and a label control stating “Atmospheric conditions should be monitored and
ethanedinitrile should not be vented under very low wind speed conditions (less than 5 km/h) or
under inversion conditions.”



Fumigations conducted at port locations must be undertaken only at locations where water bird
colonies are not known to exist.



A permission control, which would enable the EPA to request a site specific risk assessment
from the users, including the location of, and species present of, nearby bird colonies and their
distance to the treatment site, and how potential risks will be managed.
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Appendix A: Proposed controls
Physical hazards controls
Standard controls associated with a highly flammable gas will be applied.

Toxicity controls
Exposure thresholds
Ethanedinitrile has been used as an industrial gas internationally for many years and accordingly has had
workplace exposure standards (WES) developed to support its safe use (Table 3). In addition, because the
toxic metabolite cyanide ion (CN-) can be found in many environmental sources (air, food, water) there have
been health-based exposure thresholds developed for the cyanide ion (CN-) to minimise the risks associated
with its exposure under various long-term exposure scenarios (Table 4) and short-term exposure scenarios
(Table 5).
EPA staff have reviewed the acute and chronic health based exposure guidance values established by
overseas regulators for ethanedinitrile and the cyanide ion (CN-) and have also developed a tolerable
exposure limit (TEL) based on laboratory studies conducted on ethanedinitrile. The TEL developed by staff is
comparable to various long-term exposure thresholds established for CN-.
Workplace exposure thresholds

Table 3: Current international workplace exposure standards for ethanedinitrile
Jurisdiction or Advisory Body

8-Hour Limit Value (ppm)

Australia

10

Austria

10

Belgium

10

Canada

10

Denmark

10

Short-term Limit Value1 (ppm)

50

20
102

Finland
France

2

10

Germany

5

10

Ireland

10

New Zealand

103

Singapore

10

South Korea

10

Spain

10
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Switzerland

5

USA – National Institute of
Occupational Safety and Health
(NIOSH)

10

USA – American Conference of
Governmental Industrial Hygienist
(ACGIH)

52

UK

104

10

1.) 15 minutes average value; 2.) Ceiling limit value; 3.) Currently undergoing a review with a proposal
to lower to 2 ppm. 4.) The UK Advisory Committee on Toxic Substances has expressed concern that
health may not be adequately protected because of doubts that the limit was not soundly-based. This
OEL was included in the published UK 2002 list and its 2003 supplement, but are omitted from the
published 2005 list.
General Population (bystander) thresholds for cyanide ion (CN-) or ethanedinitrile
Regulatory agencies around the globe have established various long-term exposure threshold levels to the
cyanide ion in the environment due to its ubiquitous nature (Table 4).

Table 4: Long-term exposure thresholds for ethanedinitrile or CN- 1 in air, food, and water
Air

Food

TEL2:

0.034 ppm (0.072 mg ethanedinitrile
~0.036 CN-/m3, 0.0205 mg
ethanedinitrile/kg bw/day, or ~0.01 mg CN/kg bw/day )(NZ-EPA)



CN-/kg

= 0.045 mg
bw/day; (~0.09 mg/kg
ethanedinitrile)(WHO)



DWSNZ = 0.08 mg CN-/L
(~0.005 mg ethanedinitrile/kg
bw/day)



PMTI5 = 0.02 mg CN-/kg
bw/day (~0.04 mg/kg
ethanedinitrile) (JECFA)



Australian drinking water
guideline: 0.08 mg CN-/L





MRL6

MCL8 = 0.2 mg CN-/l; US
EPA, Canada) (~0.01 mg
ethanedinitrile/kg bw/day)



ARfD7 = 0.09 mg CN-/kg
bw/day (~0.18 mg
ethanedinitrile /kg
bw/day)(JECFA/WHO)

/m3,

RfC3

= 0.00083 mg
ppm)(US EPA)

Water

TDI4

CN-/m3 (0.00039

CN-

intermediate = 0.05 mg
/kg bw/day (~0.1 mg
ethanedinitrile/kg bw/day)(oral
intake of up to 1 yr; ATDSR)

1.) ~1 mg/kg of CN- is equivalent to ~2 mg/kg of ethanedinitrile; CN- Molecular Weight (MW) = 26.03 g/mol,

ethanedinitrile MW = 52.03 g/mol
2.) TEL (Tolerable Exposure Limit): Is a concentration of a substance in an environmental medium as
set in accordance with regulation 24 of the Hazardous Substances (Classes 6, 8 and 9 Controls)
regulations 2001. This value represents a concentration for which humans could be exposed to on a
chronic basis.
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3.) RfC (reference concentration): An estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population (including sensitive
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime.
4.) TDI (Tolerable Daily Intake): is an estimate of the amount of a substance in air, food or drinking
water that can be taken in daily over a lifetime without appreciable health risk.
5.) PMTI (provisional max. tolerated intake): The endpoint established by the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) used for contaminants with no cumulative properties. Its
value represents permissible human exposure as a result of the natural occurrence of the substance
in food and in drinking-water.
6.) MRL (minimal risk level): Is an estimate of the daily human exposure to a hazardous substance that
is likely to be without appreciable risk of adverse non-cancer health effects over a specified duration
of exposure. The above threshold was established for exposures from 15-365 days.
7.) ARfD (acute reference dose): Is defined as an estimate of a substance in food or drinking water,
expressed on body weight basis that can be ingested over a short period of time, usually during one
meal or one day, without appreciable health risk to the consumer on the basis of all known facts at
the time.
8.) MCL (maximum contamination level): The highest level of a contaminant in drinking water. MCLs
ensure that drinking water does not pose either a short-term or long-term health risk.
The US National Research Council (NRC) through its Committee on Toxicology formulated guidance on the
use of procedures and methodologies to develop AEGLs for high-priority, acutely toxic chemicals. The
AEGLs represent threshold exposure limits for the general public below which adverse health effects are not
likely to occur. This includes susceptible subpopulations such as infants, children, elderly, persons with
asthma, and those with other illnesses. Three levels (AEGL-1, -2, and -3) have been established for five
exposure periods (10 min, 30 min, 1, 4, and 8 hr) and are distinguished by varying degrees of severity of
toxic effects. With increasing airborne concentrations above each AEGL, there is a progressive increase in
the likelihood of occurrence and severity of the effects described for each corresponding AEGL.
The three AEGLs are defined as follows:
 AEGL-1 is the airborne concentration of a substance above which it is predicted that the general
population, including susceptible individuals, could experience notable discomfort, irritation, or certain
asymptomatic non-sensory effects. However, the effects are not disabling and are transient and
reversible upon cessation of exposure.
 AEGL-2 is the airborne concentration of a substance above which the general population, including
susceptible individuals, could experience irreversible or other serious, long-lasting adverse health effects
or an impaired ability to escape.
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 AEGL-3 is the airborne concentration of a substance above which it is predicted that the general
population, including susceptible individuals, could experience life-threatening adverse health effects or
death.
The NRC Committee developed AEGLs on ethanedinitrile which EPA staff believe are applicable for use in
assessing health risk from EDN fumigation and ethanedinitrile exposure to general population bystanders
who may be exposed for similar periods of time (https://www.epa.gov/aegl/cyanogen-results-aegl-program).
These AEGL values developed for ethanedinitrile are presented in Table 5 below.

Table 5: Short-term exposure thresholds for ethanedinitrile in air: Acute Exposure Guideline
Levels (AEGL) for Selected Airborne Chemicals
Ethanedinitrile (ppm)

Periods of time

10 min

30 min

60 min

4 hr

8 hr

AEGL-1

2.5

2.5

2.0

1.3

1.0

AEGL-2

50

17

8.3

4.3

4.3

AEGL-3

150

50

25

13

13

Other toxicity controls
PPE should be worn by workers when they are within 10 m of a single log stack or within 20 m of a process
in which multiple log stacks are being fumigated.
The concentration of gas under the tarpaulin should be ~700 ppm or lower prior to the removal of a tarpaulin
from a fumigated log pile.
An active monitoring programme should be employed in the workplace. This could be achieved through
personal air monitoring devices worn by workers as well as devices in the immediate vicinity around EDN
gas tanks to ensure their integrity. An active monitoring programme should also be utilised to ensure
bystander exposures are below the TEL.
The following limit is proposed for the toxicologically relevant impurity in the technical grade active ingredient
ethanedinitrile:


Hydrogen cyanide: <1% (v/v)

Ecotoxicity controls
Maximum application rate
A maximum application rate is proposed to be set for EDN, as shown in Table 6.

Table 6: Active ingredient(s) maximum application rates
Active component

Maximum application rate

Ethanedinitrile

150 g/m3
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Other ecotoxicity controls


EDN must not be applied into or onto water.



A use and a label control stating “Atmospheric conditions should be monitored and
ethanedinitrile should not be vented under very low wind speed conditions (less than 5 km/h) or
under inversion conditions.”



Fumigations conducted at port locations must be undertaken only at locations where water bird
colonies are not known to exist.



A permission control, which would enable the EPA to request a site specific risk assessment
from the users, including the location of, and species present of, nearby bird colonies and their
distance to the treatment site, and how potential risks will be managed.

Table 7: List of components requiring identification
Label

SDS

ethanedinitrile

Ethanedinitrile
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Appendix B: Identity of the active ingredient, use pattern and
mode of action
Identity of the active ingredient and metabolites
APP202804 is the second application made under Part 5 of the Hazardous Substances and New Organisms
(HSNO) Act 1996 for the import of ethanedinitrile. A previous application (ERMA200203) was submitted and
was subsequently withdrawn by the applicant. General data on the active ingredient on ethanedinitrile are
provided in Table 8.

Table 8: Identification of the active substance ethanedinitrile
IUPAC name

Oxalonitrile (Ethanedinitrile,
Cyanogen)

CA name

Ethanedinitrile

Molecular formula

C2N2

CAS Number

460-19-5

Molecular weight

52.036

Structural formula

N≡C–C≡N

Purity

Min. 95% w/w

Significant
impurities/additives

hydrogen cyanide (CAS 74-90-8):
0.5% (v/v); carbon dioxide (CAS
124-38-9): 2.0% (v/v)

Use pattern and mode of action
Use pattern
The applicant seeks approval for the use of EDN, which contains the active ethanedinitrile at a concentration
of 1000 g/kg. EDN is proposed as a fumigant for the control of a wide range of wood insects, nematodes and
fungi in timber logs to be exported out of New Zealand.
EDN will be imported in the form of a liquefied gas under pressure in 73L cylinders. The applicant seeks to
have EDN approved for application as a fumigant under tarpaulins, in fumigation chambers (or similar
structures) on shore, in shipping containers, and in ships’ holds.
Application will be at the rate of 150 g/m3, with one application over a 24 hour period. More details on the
intended uses for EDN are given in Table 9.

Mode of action
Ethanedinitrile is a fumigant for controlling wood insects in harvested timber. Ethanedinitrile can be
hydrolysed to form the cyanide ion (CN-). CN- binds to the iron atom of cytochrome c oxidase, an enzyme
found in mitochondria in all cells. The binding of cyanide to this cytochrome prevents transport of electrons
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from cytochrome c oxidase to oxygen. This prevents the cells’ use of oxygen leading to a “cellular
asphyxiation” and death of the cell.
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Table 9: List of intended uses for EDN
Crop
and/or
situation
(a)

Timber logs
fumigation
under sheet

Timber logs
fumigation
in shipping
container

Timber logs
fumigation
chamber or
similar
structures

Timber logs
fumigation
in ships’
hold

July 2018

Use
pattern
(b)

Pests or
group of
pests
controlled
(c)

N/A

Insect pests
and
pathogens
on timber
and logs

N/A

Insect pests
and
pathogens
on timber
and logs

N/A

Insect pests
and
pathogens
on timber
and logs

N/A

Insect pests
and
pathogens
on timber
and logs

Mixture

Application

Type (df)

Conc of
ai (g)

Method
and kind
(h-i)

1000 g/kg
(min 950
g/kg)

Directly
applying
EDN from
the
cylinder

1000 g/kg
(min 950
g/kg)

Directly
applying
EDN from
the
cylinder

1000 g/kg
(min 950
g/kg)

Directly
applying
EDN from
the
cylinder

Postharvest

1000 g/kg
(min 950
g/kg)

Directly
applying
EDN from
the
cylinder

Postharvest

Gas

Gas

Gas

Gas

Application rate per treatment

Growth
stage &
season (j)

Postharvest

Postharvest

Number
Min max
(k)

N/A

N/A

N/A

N/A

Interval
between
applications –
days
(minimum)

N/A

N/A

N/A

N/A

g/m3
min max

150

150

150

150

water
L/ha
min max

N/A

N/A

N/A

N/A

g/m3
max

Remarks
(l)

N/A

24 hours
treatment
period
equal to or
above
10°C

N/A

24 hours
treatment
equal to or
above
10°C

N/A

24 hours
treatment
period
equal to or
above
10°C

N/A

24 hours
treatment
period
equal to or
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above
10°C

a
b
c
d
e
f
g
h
i
j
k
l

Where relevant, the use situation should be described (e.g. fumigation of soil)
Outdoor or field use (F), glasshouse application (G) or indoor application (I).
e.g. biting and sucking insects, soil borne insects, foliar fungi, weeds
e.g. wettable powder (WP), emulsifiable concentrate (EC), granule (GR)
CropLife international, 2008. Technical Monograph no 2, 6th edition. Catalogue of pesticide formulation types and international coding system
All abbreviations used must be explained
g/kg or g/l or others
Method, e.g. high volume spraying, low volume spraying, spreading, dusting, drench, aerial, etc
,
Kind, e.g. overall, broadcast, aerial spraying, row, individual plant, between the plant - type of equipment used must be indicated. If spraying include droplet size spectrum
growth stage at last treatment (BBCH Monograph, Growth Stages of Plants, 1997, Blackwell (ISBN 3-8263-3152-4), including where relevant, information on season at time of application
Indicate the minimum and maximum number of application possible under practical conditions of use
Remarks may include: Extent of use/econo: c importance/restrictions
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Appendix C: Hazard classification of ethanedinitrile
The hazard classification of ethanedinitrile is listed in Table 10.

Table 10: Applicant and EPA Staff classification of ethanedinitrile

Class 1 Explosiveness

NA

No

Mixture rules

Applicant

EPA
Staff

Read across

Hazard Class/Subclass

Method of
classification

Mixture data

Mixture
classification by:

Remarks

Class 2 Flammability

2.1.1 A

2.1.1A

The lower explosive limit
(LEL) reported by the
applicant is 6.45% by
volume in air. This meets
the requirement that it is
below 13%, one of the
classification criteria in the
Hazardous Substances
(Classification) Notice
2017, Schedule 2, and
Clause 2 for 2.1.1A
(Flammable gas, high
hazard).

Class 3 & 4 Flammability

NA

NA

The substance is a gas.

Class 5 Oxidisers/Organic
Peroxides

No

NA

The substance is a
reducing agent rather than
an oxidiser.

Subclass 8.1 Metallic
corrosiveness

No

ND

Subclass 6.1 Acute toxicity
(oral)

NA

NA

The substance is a gas
and oral exposure is not a
relevant route of exposure.

Subclass 6.1 Acute toxicity
(dermal)

No

No

LD50 = >~10,000 ppm;
Rabbits exposed to
~10,000 ppm
ethanedinitrile for 8 hrs
showed no evidence of
toxicity indicating material
is not dermally absorbed in
significant amounts.

Subclass 6.1 Acute toxicity
(inhalation)

6.1B

6.1B

LC50 = ~136 ppm

Subclass 6.1 Aspiration hazard

No

NA

The substance is a gas.
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Subclass 6.3/8.2 Skin
irritancy/corrosion

Subclass 6.4/8.3 Eye
irritancy/corrosion

Subclass 6.5A Respiratory
sensitisation

Subclass 6.5B Contact
sensitisation

Subclass 6.6 Mutagenicity

Subclass 6.7 Carcinogenicity

July 2018

No

No

No

No

No

No

Mixture rules

Applicant

EPA
Staff

Read across

Hazard Class/Subclass

Method of
classification

Mixture data

Mixture
classification by:

Remarks

No

Rabbits exposed to
~10,000 ppm
ethanedinitrile for 8 hrs
showed no evidence of
dermal irritation

ND

Although irritation of the
eyes was observed in
humans after a 6-8 min.
exposure to 16 ppm
ethanedinitrile, it was a
sensory or neurological
effect and not due to tissue
damage. Sensory irritation
is not a classifiable effect.

ND

This effect is very unlikely
as respiratory sensitisation
was not observed in a
chronic inhalation study
with ethanedinitrile

No

Material is a gas and does
not appear to penetrate the
dermis. Sensitisation is
also not a property
associated with CN- or CNgenerating compounds.

No

Positive results from some
studies on ethanedinitrile
were deemed as false
positives due to
cytotoxicity. CN-, and
cyanide compounds as a
class, are not considered
to be genotoxicants.

No

Results of a study on
acetonitrile, a CNgenerating compound, did
not show evidence of
tumour formation. CN-, and
CN- generating
compounds as a class, are
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Mixture rules

Applicant

EPA
Staff

Read across

Hazard Class/Subclass

Method of
classification

Mixture data

Mixture
classification by:

Remarks

not considered to be
carcinogenic.

Subclass 6.8 Reproductive/
developmental toxicity

No

No

CN-, and CN- generating
compounds as a class, are
not considered to be
reproductive toxicants.

Subclass 6.8 Reproductive/
developmental toxicity (via
lactation)

No

ND

This risk is believed to be
minimal as CN-, and CNgenerating compounds as
a class, are not considered
to be reproductive
toxicants and lactation
would not be a significant
pathway of excretion.

Subclass 6.9 Target organ
systemic toxicity (oral)

No

NA

Ethanedinitrile is a gas and
oral exposure is not a
relevant route of exposure.

NA

Ethanedinitrile is a gas and
as such, is not dermally
absorbed in significant
amounts.

No

No specific target organ
was identified in two 6
month inhalation studies
with ethanedinitrile.

Subclass 6.9 Target organ
systemic toxicity (dermal)

Subclass 6.9 Target organ
systemic toxicity (inhalation)

No

No

Subclass 9.1 Aquatic
ecotoxicity

9.1A

9.1A

Read across from sodium
cyanide study on algal
growth inhibition (48-hr
EC50 = 12.4 µg free CN-/L)

Subclass 9.2 Soil ecotoxicity

No

ND

No reliable test data were
submitted

NA

Hazard class 9.3 is only
concerned with toxicity to
terrestrial vertebrates via
the oral route of exposure.
Since ethanedinitrile is a
gas, this hazard class is
considered not applicable

Subclass 9.3 Terrestrial
vertebrate ecotoxicity
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Mixture rules

Applicant

EPA
Staff

Read across

Hazard Class/Subclass

Method of
classification

Mixture data

Mixture
classification by:

Remarks

as the oral route of
exposure is not relevant.
Subclass 9.4 Terrestrial
invertebrate ecotoxicity

NA

ND

No reliable test data was
submitted

NA: Not Applicable. For instance testing for a specific endpoint may be omitted if it is technically not possible to
conduct the study as a consequence of the properties of the substance: e.g. very volatile, highly reactive or
unstable substances cannot be used, mixing of the substance with water may cause danger of fire or explosion
or the radio-labelling of the substance required in certain studies may not be possible.
ND: Not determined due to a lack of test data or unreliable test data.
No: Not classified based on actual relevant data available for the substance or all of its components. The data are
conclusive and indicate the threshold for classification is not triggered.
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Appendix D: Physico-chemical properties of ethanedinitrile
The physico-chemical properties of ethanedinitrile are listed in Table 11.

Table 11: Physical and chemical properties of ethanedinitrile
Property

Reference

Colour

Colourless

Application form

Physical state

Gas

Application form

Melting point

-27.8°C

Lide, D.R. CRC Handbook of Chemistry and
Physics 88th Edition 2007-2008. CRC Press,
Taylor & Francis, Boca Raton, FL 2007, p. 3124

Boiling Point

-21.1°C

Lide, D.R. CRC Handbook of Chemistry and
Physics 88th Edition 2007-2008. CRC Press,
Taylor & Francis, Boca Raton, FL 2007, p. 3124

Odour Threshold

500 mg/m3 (~235 ppm)

Ruth JH; Am Ind Hyg Assoc J 47: A-142-51
(1986)

Vapour density

1.8 (Air = 1)

National Fire Protection Guide. Fire
Protection Guide on Hazardous Materials.
10th ed. Quincy, MA: National Fire Protection
Association, 1991., p. 325M-29

Flash point

NA

Ethanedinitrile is a gas under normal
conditions, the flashpoint is therefore not
defined

Flammability

6 – 32 vol.% in air

APVMA approval summary

Vapour pressure

520 kPa (21°C), 570 kPa
(25°C)

Application form

Water Solubility
(20°C)

9.75 g/L

Application form and Maxa, I.D.
Physiochemical properties of cyanogen
(EDN). University of Chemistry and
Technology, Prague. 2016.
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Appendix E: List of environmental fate endpoints
Unless otherwise stated, all environmental fate data for ethanedinitrile were sourced from the
applicant or the Australian Government’s Department of Sustainability, Environment, Water,
Population and Communities (DSEWPaC) environmental risk assessment for ethanedinitrile (2012)
prepared for the Australian Pesticides and Veterinary Medicines Authority (APVMA).

Residues relevant to the environment
Based on the theoretical EQuilibrium Criterion (EQC) modelling provided by the applicant (as
summarised in Appendix J), almost all ethanedinitrile (nearly 100%) remains in air, and only a minor
amount is transported to water (0.000125%), soil or sediment (0.0048%). As such, the degradation
and fate of ethanedinitrile in aquatic environments and soil environments, as described below, is likely
to be of minor significance in comparison with degradation and dissipation in the atmosphere.
Ethanedinitrile is reactive and does not persist in the environment unchanged. The most common
degradation pathway is the hydrolysis in the atmosphere to yield one molecule of hydrogen cyanide
(HCN) and one molecule of cyanic acid (HOCN) as shown by the equation below.
N≡C-C≡N + H-O-H → H-O-C≡N + H-C≡N
In the presence of timber logs however, a study by Hall et al. (2016) demonstrated that fumigation of
pine logs with ethanedinitrile in fumigation chambers either does not result in the production of
hydrogen cyanide or that the concentration of hydrogen cyanide produced is not detectable because it
is so small that it is masked by the hydrogen cyanide concentration that is endogenous to the
ethanedinitrile.
Most of the ethanedinitrile applied is expected to be adsorbed into the timber logs during fumigation.
Hall et al. (2014) have shown in a laboratory trial that there is no desorption of ethanedinitrile after 1.5
hours aeration following log fumigation.
The applicant states that the amount of ethanedinitrile to be released to the environment should be
significantly lower than the amount applied due to the tendency of ethanedinitrile molecules to be
adsorbed within the treated commodity (ie, the timber logs). After removal of the tarpaulin, free
ethanedinitrile is expected to spread rapidly in the atmosphere and be diluted in air so its
concentration will be below the limit of detection.
In conclusion, in regard to the environment the only compound assessed was ethanedinitrile. It is
noted that data regarding the rate at which ethanedinitrile forms its breakdown products in the
environment was not available.

Degradation and fate of ethanedinitrile in aquatic environments
Information on the degradation and fate of ethanedinitrile in the aquatic environment is summarised in
Table 12. Information on bioaccumulation potential is listed in Table 13.
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Table 12: Degradation and fate in aquatic environments
Test type

Ethanedinitrile

Reference

Ready biodegradation

No test data submitted

Aqueous photolysis halflife (DT50)

Disregarded study (see
Appendix K)

Degradation in aerobic
water/sediment (DT50)

No test data submitted

Water solubility at 25°C

9.75 g/L

Application form and Maxa, I.D. Physiochemical
properties of cyanogen (EDN). University of
Chemistry and Technology, Prague. 2016.

Hydrolysis half-life in the
dark (DT50)

Disregarded study (see
Appendix J)

Ajwa, H. (2015). Effect of pH on hydrolysis of
cyanogen in the dark. Performing laboratory:
Ajwa Analytical Laboratories, 1514 Moffett
Street, Salinas, California 93905. Laboratory
study ID: AAL 2015-12-A. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova 605,
280 99 Kolín, Czech Republic. Completed: May
22, 2015.

Hydrolysis half-life under
UV light (DT50)

Disregarded study (see
Appendix J)

Ajwa, H. (2015). Effect of pH on hydrolysis of
cyanogen under UV light. Performing
laboratory: Ajwa Analytical Laboratories, 1514
Moffett Street, Salinas, California 93905.
Laboratory study ID: AAL 2015-12-B. Sponsor:
Lučebni zăvody Draslovka a.s. Kolín,
Havlíčkova 605, 280 99 Kolín, Czech Republic.
Completed: May 22, 2015.

Ajwa, H. (2015). Photolysis of Cyanogen under
UV light (without water). Performing laboratory:
Ajwa Analytical Laboratories, 1514 Moffett
Street, Salinas, California 93905. Laboratory
study ID: AAL 2015-13. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova 605,
280 99 Kolín, Czech Republic. Completed: May
22, 2015.

Table 13: Bioaccumulation potential
Test type

Ethanedinitrile

Reference

Partition coefficient
octanol/water [Log Pow]

0.07

Australian Government Department of
Sustainability, Environment, Water, Population
and Communities (DSEWPaC). The application
specific environmental risk assessment for
ethanedinitrile in Sterigas 1000 Fumigant. 20
August 2012.

Bioconcentration factor

3.16 (estimated from log
KOW)

Australian Government Department of
Sustainability, Environment, Water, Population
and Communities (DSEWPaC). The application
specific environmental risk assessment for
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Test type

Ethanedinitrile

Reference
ethanedinitrile in Sterigas 1000 Fumigant. 20
August 2012.

Degradation and fate of ethanedinitrile and its metabolites in soil
Information on the degradation and fate of ethanedinitrile and its metabolites in the soil environment is
summarised in Table 14.

Table 14: Degradation and fate in soil
Test type

Ethanedinitrile

Aerobic half-life in soil
(DT50lab)

No test data submitted

Anaerobic degradation in
soil (DT50lab)

No test data submitted

Aerobic half-life in soil
(DT50field)

No test data submitted

Soil photolysis half-life
(DT50)

No test data submitted

Sorption to soil (Koc)

8.3 (estimated)

Reference

Australian Government Department of
Sustainability, Environment, Water, Population and
Communities (DSEWPaC). The application specific
environmental risk assessment for ethanedinitrile in
Sterigas 1000 Fumigant. 20 August 2012.

General conclusion about environmental fate
Ethanedinitrile is expected to adsorb to the timber logs during fumigation. Free ethanedinitrile is
expected to spread rapidly in the atmosphere and be diluted in air.
Despite a lack of test data, and limitations in data quality, the environmental fate data gaps in regard
to the fate of ethanedinitrile in soil and water are not considered to be significant based on the use
patterns outlined in the GAP table (fumigation under tarpaulins, shipping container, fumigation
chamber or similar structures and in a ship’s hold). Furthermore, exposure to aquatic and soil
environments is expected to be minimal, if any.
Although there is no exposure pathway for aquatic or terrestrial organisms, based on the
bioconcentration factor as well as rapid metabolism and degradation in biological systems,
ethanedinitrile is not expected to bioaccumulate.
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Appendix F: Mammalian toxicology
Ethanedinitrile contains two cyanide functional groups that can be hydrolysed to form hydrogen
cyanide (HCN) and cyanic acid (HOCN). The latter compound is also a detoxification product of the
cyanide ion (CN-) and is significantly less toxic than cyanide. Accordingly, its hazards have not been
considered in this assessment. Cyanide toxicity occurs when the cyanide ion binds to the iron atoms
of cytochrome c oxidase, an enzyme found in mitochondria in all cells. The binding of cyanide to this
cytochrome prevents transport of electrons from cytochrome c oxidase to oxygen. This prevents the
cells’ ability to use oxygen leading to a “cellular asphyxiation” and cell death. This mode of action can
lead to a shutdown of vital organs and rapid death after an exposure to a high concentration of CN -.
Highly metabolically active organs such as the central nervous system and heart are particularly
sensitive to its acutely toxic effects.
CN- is primarily (~80%) detoxified in the body through the formation, and elimination in the urine, of
thiocyanate. CN- may also become detoxified through formation of cyanic acid (the other breakdown
product of ethanedinitrile) which then converts to CO2 and is eliminated through the lungs. The
thiocyanate metabolite is a competitive inhibitor of iodide absorption in the thyroid gland and can
cause a decreased output of thyroxin hormone from the thyroid. Re-adjustment to the original output
of thyroxin requires an increase in thyroid mass (volume) brought about by increased secretion of
thyroid stimulating hormone by the pituitary gland.
The toxicodynamics of CN- poisoning in animals are complex and are determined by a number of
factors. These include the dose amount and the rate of delivery of CN-, and the rate and total capacity
for detoxification (thiocyanate formation) and the rate of elimination of thiocyanate. In acute poisoning
scenarios there is a very steep dose-response curve when the rate of delivery of CN- exceeds the
detoxification capacity resulting in overt acute toxicity. Whereas in chronic exposure scenarios, or
where the rate of delivery is maintained within the detoxification capacity limits, acute CN- toxicity can
be avoided. Consequently, it is possible to achieve a higher cumulative dose of cyanide when
exposure is over a longer period than if it is delivered in a single exposure. This phenomenon is
apparent in several of the mammalian toxicity studies reported with cyanides. For example, in longterm dietary and drinking-water studies with cyanide in rodents NOAELs were ~10 - 25 mg CN-/kg
bw/day. This is markedly above the median acute lethal (LD50) bolus dose of ~3 - 4 mg CN-/kg bw.

Executive summaries and list of endpoints for ethanedinitrile
Unless otherwise noted, all studies were conducted according to Good Laboratory Practice (GLP) and
were fully compliant with the requirements of the international test guidelines followed.
Acute toxicity, skin and eye irritation, contact sensitisation and genotoxicity data for ethanedinitrile are
summarised in Table 15.
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Table 15: Summary of acute toxicity, irritation, sensitisation and genotoxicity data for
mammalian toxicology data for ethanedinitrile
Endpoint
(Test Guideline)

Acute inhalation
toxicity

Klimisch
score

1 (GLP)

Result

LC50 = ~136 ppm (rats)

HSNO
Classification

6.1B

(OECD TG 403)

Acute dermal toxicity
(Non-Guideline)

Skin irritation/corrosion
(Non-Guideline)

Eye irritation/corrosion
(Non-guideline)

2 (nonGLP)

LC50 ≥10,000 ppm
(rabbits)

2 (nonGLP)

Non irritating to rabbits
following an 8 hr
exposure to 10,000 ppm

2 (nonGLP)

7/7 human subjects
reported irritant effects
after an 8 minute
exposure to 16 ppm

Negative

No

No

McNerney, J.M. and
Schrenk, H.H. (1960).
The acute toxicity of
cyanogen. Am Ind Hyg
Assoc J 21:121-124.

ND – Sensory
irritation is not
classifiable

McNerney, J.M. and
Schrenk, H.H. (1960).
The acute toxicity of
cyanogen. Am Ind Hyg
Assoc J 21:121-124.

No

Woods, I. (2016);
Envigo Study Number:
BT66SP, Envigo CRS
Limited, Wooley Road,
Alconbury, Huntingdon,
Cambridgeshire, PE28
4HS, UK.

No

Woods, I. (2016);
Envigo Study Number:
WS10TH, Envigo CRS
Limited, Wooley Road,
Alconbury, Huntingdon,
Cambridgeshire, PE28
4HS, UK.

No

Woods, I. (2016);
Envigo Study Number:
TJ774JS, Envigo CRS
Limited, Wooley Road,
Alconbury, Huntingdon,
Cambridgeshire, PE28
4HS, UK.

(OECD TG 471)

Genotoxicity
1

Positive (see discussion)

(OECD TG 473)

Genotoxicity
1
(OECD TG 490)
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Positive (see discussion)

Ethanedinitrile: Acute
Inhalation Toxicity in
Rats;
Lab Study Num.:
44021; April 12, 2017.
McNerney, J.M. and
Schrenk, H.H. (1960).
The acute toxicity of
cyanogen. Am Ind Hyg
Assoc J 21:121-124.

Genotoxicity
1

Reference
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Although the results from the genotoxicity studies were considered “positive”, there were multiple
indicators noted within the observed responses that, when taking into account the mechanism of
ethanedinitrile toxicity (metabolic inhibitor), provide evidence for a secondary mechanism. Thus, the
observed effects may be related to a non-direct effect on the DNA through its cytotoxicity. A similar
phenomenon was noted in the chromosomal aberration studies conducted with other cyanide
compounds.


“Cyanide has only an indirect genotoxic effect in vitro and in vivo in that dying cells release
endonucleases into the cytosol, ultimately resulting in DNA fragmentation” (ATDSR).



“Valid data are available for all genetic endpoints and there is no indication of mutagenic or
genotoxic activity of cyanide” (ECETOC).



“Although somewhat limited, the weight of evidence of available data indicates that cyanide is
not genotoxic” (WHO)



“Cyanide has not been subjected to a complete standard battery of genotoxicity assays,
although, overall, the available data indicate that cyanide is not genotoxic” (US EPA).

As a result of this International consensus in regard to the genotoxicity of cyanides, staff have
concluded that ethanedinitrile is also not likely to be genotoxic or classifiable.
Results of the repeated dose toxicity studies with ethanedinitrile are summarised in Table 17.

Table 16: Summary of repeated dose studies with ethanedinitrile
Study type

NOAEL (mg/kg
bw/day)

180-day inhalation toxicity: rats

11.2 ppm

180-day inhalation toxicity: primates

25.3 ppm (highest
dose tested)

LOAEL (mg/kg
bw/day

Key effect

Reference

25.3 ppm

Decreased
body weights

Lewis, T.R., et al.
(1984). J Environ
Pathol Toxicol
Oncol
Lewis, T.R., et al.
(1984). J Environ
Pathol Toxicol
Oncol

These two inhalation studies lacked robustness in many areas. These include the number of toxicity
endpoints assessed, number of tissues examined, use of only a single sex (males), and the lack of
three treatment levels to assess a dose response. It is also unknown as to whether this study was
conducted under GLP. Nonetheless, it does represent a sub-chronic exposure study conducted on
ethanedinitrile with minimal adverse effects observed following a 6-month exposure. No evidence of
thyroid toxicity was observed at the highest exposure level in either species.
Toxicokinetics and dermal absorption studies with ethanedinitrile are summarised in Table 17.
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Table 17: Summary of toxicokinetics and dermal absorption studies with ethanedinitrile
Study type

Results

Toxicokinetics

No data were submitted or available

Acute Dermal toxicity

Rabbits (shaved) exposed to ethanedinitrile at a concentration of 10,000 ppm for
8 hours did not show evidence of toxicity indicating it is not significantly absorbed
through the skin.

General conclusion about mammalian toxicology of
ethanedinitrile
Data of sufficient quality from studies using ethanedinitrile were available to assess the acute
inhalation toxicity, dermal irritation potential, genotoxicity, and sub-chronic toxicity potential of
ethanedinitrile.
Other toxicity endpoints were assessed using data from studies conducted on numerous other
surrogate cyanide compounds. These studies were summarized in various reviews completed by the
World Health Organization (WHO), the United States (US) Department of Health and Human Services
– Public Health Service – Agency for Toxic Substances and Disease Registry (ATSDR), the European
Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC), the US- National Research Council
(NRC), the US-National Institutes of Environmental Health Sciences – National Toxicology Program
(NTP), and the Australian Pesticides and Veterinary Medicines Authority (APVMA). These surrogate
compounds consisted of hydrogen cyanide (HCN), cyanide salts such as sodium cyanide (NaCN) and
potassium cyanide (KCN), and from compounds that metabolically release cyanide such as
acetonitrile and acetone-cyanohydrin (ACH). The use of a structure-activity-relationship for making a
hazard assessment for ethanedinitrile is based on the fact that ethanedinitrile gas is, upon inhalation,
absorbed in the lungs and is hydrolysed in the blood into HCN and cyanic acid (HCNO).
The dose rate in which cyanide enters the body is a critical factor in cyanide poisoning as the
exposure rate has to overwhelm the detoxification rate for acute toxicity to be manifested. Thus, the
total amount of cyanide that can be internalized and tolerated can be quite large when the dose rate is
below the detoxification rate. However, there is a very steep dose response resulting in death when
exceeded. For example, in long-term (13 weeks) animal studies, no deaths and minimal adverse
effects were observed following exposure to NaCN at a daily dose of ~24 mg CN-/kg bw/day slowly
administered over an entire day via drinking water (NTP: NIH pub. 94-3386). However, acute LD50 for
NaCN following a single oral bolus dose is only ~5 mg/kg bw (ATSDR, 2006). Some cyanide
compounds also require metabolism to release the cyanide ion and as such detoxification
mechanisms are not saturated as rapidly. Ethanedinitrile needs to first be metabolized through
hydrolysis to release CN- (half-life of cyanogen at pH 7.0 and 23°C is 50 min.), whereas HCN gas
readily disassociates into H+ and CN-. The 15 min LC50 for HCN is 415 ppm while the 15 min LC50 for
ethanedinitrile is between 1000 ppm (0/6 deaths) and 2,000 ppm (6/6 deaths) (ATSDR, 2006). This
difference in acute toxicity could also be associated with differences in respiratory absorption kinetics
as HCN is much more soluble in water than ethanedinitrile.
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Although the acute toxicity of ethanedinitrile is mediated through the cyanide metabolite, the chronic
toxicity of cyanide is primarily mediated through its detoxification to the thiocyanate metabolite.
It is important to keep in mind that while the mode of action of all cyanide generating compounds is
similar, they are very different compounds due to their different physical and chemical characteristics.
For example, ethanedinitrile is a gas, acetone cyanohydrin and acetonitrile are liquids, and cyanide
salts (NaCN, KCN) are solids. The only significant route of exposure to ethanedinitrile is by inhalation
as it is a gas.
There are a significant number of toxicity studies available on these structural surrogates and their
data were also used in assessing the hazard potential of ethanedinitrile. Most of these studies were
published in peer-reviewed international scientific journals. Many of these studies have been
summarised by various authoritative bodies or governmental agencies and have been compiled into
comprehensive scientific reviews. Accordingly, EPA staff have relied on these review summaries, risk
assessment values, and conclusions in making determinations on the hazards and risks of
ethanedinitrile.

Acute toxicity, irritation and sensitisation
Two acute inhalation toxicity studies were conducted on ethanedinitrile. The most recent and key
study followed OECD guidelines, contained GLP assurances, and reported a LC50 of 136 ppm (4 hr)
2017). The second study was more investigative in nature and determined the LC50 to be
~350 ppm (1 hr), ~700 ppm (30 min), and ~1500 ppm (15 min) (McNerney and Schrenk, 1960). Given
ethanedinitrile is a gas, oral toxicity studies were not conducted as it is not a relevant exposure route.
The results of a dermal exposure toxicity study, in which rabbits were exposed for 8 hours to 10,000
ppm ethanedinitrile, indicated ethanedinitrile is not likely to be dermally absorbed at significant levels
as there were no deaths or any evidence of toxicity. In addition no evidence of dermal irritation was
observed. Humans exposed to ethanedinitrile for 6-8 minutes in a whole-body chamber were stated to
have perceived a sensation of eye irritation almost immediately after the room concentration had been
raised from 8 to 16 ppm. This effect was perceived simultaneously or shortly before a sensation of
nasal irritation. This sensation of an irritation effect is an important warning sign as it occurs well
below its odour detection level (~250 ppm). This type of irritation is known as sensory irritation and is
not a classifiable hazard.
Although there are no contact sensitisation studies available it appears that there is likely to be no
dermal absorption and cyanide and cyanide compounds are not known to have sensitisation
properties. No evidence of respiratory sensitisation was observed in a chronic inhalation toxicity study
in rodents and primates.

Mutagenicity
Three in vitro genotoxicity studies were performed by Woods 2016 with ethanedinitrile. Results
showed ethanedinitrile was negative for inducing mutations in bacteria, but “positive” for inducing
mutations in the mouse lymphoma cell assay and the chromosomal aberration assay using human
lymphocytes. The significance of the positive results from the latter two assays was deemed
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questionable by the study director due to the presence of cytotoxicity. Accordingly, both results were
considered to be false positive reactions by the study director. The results of these studies were
comparable with other cyanide compounds and with other compounds with cyanide-like toxicity (ie,
metabolic inhibitors) and do not raise concern. It was deemed by the ATDSR, 2006 that “cyanides are
only indirectly genotoxic in vitro and in vivo due to dying cells releasing endonucleases into the
cytosol, ultimately resulting in DNA fragmentation”. The ATDSR 2006 review also added that there
are no structural alerts to suggest cyanide may be genotoxic. The general conclusion from several
reviews evaluating genotoxicity was that cyanides are not considered to be genotoxic compounds
(ATSDR, 2006; WHO 2004; ECETOC, 2007, and US EPA).

Carcinogenicity
There are no studies assessing the carcinogenicity potential of ethanedinitrile. The results of a twoyear inhalation carcinogenesis study conducted by the US-National Toxicology Program (NIH pub.
96-3363, TR 447, 1996) on acetonitrile (methyl cyanide; CAS No. 75-05-8) indicated there was
equivocal evidence of carcinogenicity in male rats and no evidence in female rats or in male and
female mice. The US EPA has determined that cyanide is not classifiable for human carcinogenicity.
Currently no regulatory body has deemed cyanide compounds to be carcinogenic.

Reproductive and developmental toxicity
A number of non-standard studies were noted in the various review documents utilised that related
cyanide exposure to reproductive toxicity. Many of these were epidemiological in nature exploring the
effects of dietary cassava (a plant that contains cyanide generating compounds). Although the
available feeding studies using diets of cassava or dietary exposure to KCN/NaCN are of limited
value, they do indicate that high concentrations of dietary cyanide can be toxic to male and female
reproduction and cause toxicity to a developing foetus and neonate. However, such effects only
occurred at concentrations that caused overt systemic toxicity to the dams. The only studies noted by
the overseas reviews that give a clear indication of the relative sensitivity of the reproductive system
are those that have used acetohydrin (ACH). Studies on pure ACH showed no evidence for
teratogenic effects following gavage dosing in rats up to and including doses that produced maternal
toxicity. Thus, the weight of evidence of available data indicates that cyanide is not a developmental
toxicant but induces developmental effects only at doses or concentrations that are overtly toxic to the
mothers or is being induced by exposure to something other than the cyanide ion.
Evidence of effects on the male reproductive system of rats was observed in a 13-week drinking
water study conducted by the NTP using NaCN (NIH pub. 94-3386, 1993). The no-observed-adverseeffect-level (NOAEL) for this study was 4.5 mg/kg bw/day. Observed effects included decreased left
epididymal [-7%], left caudal epididymal [-13%], and testes weights [-8%], number of spermatid heads
per testis [-14%], and spermatid count [-14%]. The reliability of the results observed in this study has
to be viewed with some caution as the finding was not replicated in other studies. For example, no
such effects on sperm were observed in male mice by the same researchers (NOAEL: ~8.6 mg
CN⎯/kg bw/d)(NIH pub. 94-3386, 1993). This NOAEL is consistent with the NOAEL of 7.9 mg CN⎯/kg
bw/d in rats observed in a study noted in the ATSDR, 2006 using HCN to fumigate the diet, and is
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also consistent with the NOEL of ~8.4 and 8.6 mg CN-/kg bw/d for reproductive effects in male rats
from inhalation studies with ACH (conducted by Monsanto and reviewed by ECETOC, 2007). In
addition, no effects on the testes of rats were observed in a comparable drinking-water study with
KCN at dose levels up to 140 mg KCN/kg bw/d (56 mg CN- /kg bw/d) for 13 weeks (ECETOC, 2007).
These data provide some confidence that the effects observed in male rats on the testes, sperm, and
epididymis in the NaCN drinking water study, conducted by the NTP, may not have been cyanide
induced.
Thus, the weight of evidence of available data indicates that cyanide is not a reproductive nor
developmental toxicant and induces developmental effects only at doses or concentrations that are
overtly toxic to the dams or have been induced by exposure to something other than the cyanide ion.
Therefore, although cyanide can be overtly toxic to the reproductive system, there is no reason to
suspect that this system is any more sensitive than other organ system and therefore ethanedinitrile is
not classified for reproductive/developmental toxicity.

Target organ toxicity
The cyanide ion has a mechanism of action in the body acting primarily as a respiratory toxin where it
binds to cytochrome c oxidase in the mitochondria of all body cells and prevents the utilisation of
oxygen to produce cellular energy. The primary targets of cyanide toxicity in humans and animals on
an acute basis are the highly metabolically active tissues of the cardiovascular, respiratory, and
central nervous system which, when functionally impaired, result in the death of an organism.
Chronic exposure to thiocyanate, the main metabolite of cyanide detoxification, can also potentially
lead to toxicity in the thyroid gland. Thyroid effects following cyanide exposure occur from the
interference of thiocyanate with iodine uptake and utilisation in the thyroid gland. This leads to
reduced thyroid hormone (T3/T4) levels that then in turn trigger an increase in levels of thyroid
stimulating hormone (TSH). A chronic elevated level of TSH can lead to thyroid gland enlargement.
This phenomenon is potentiated when diets are low in iodine. Such effects have been observed in
some animal studies as well as in humans who have been chronically exposed to dietary cyanides
and have low iodine intake. The rat is noted to be a very sensitive species for assessing thyroid
toxicity and the absence of thyroid hypertrophy in rats following a 25 ppm ethanedinitrile exposure for
6 months indicates the risks to humans for this effect from exposure to ethanedinitrile is quite low.
Furthermore, thyroid effects were not observed in other studies where animals were exposed for 1314 weeks to cyanide compounds at does levels ranging from 10.4 mg CN-/kg (from ACH), 24 mg/kg
NaCN (equiv. to 12 mg CN-/kg), or 160/140 mg/kg KCN (equiv. to 64/56 mg CN-/kg)(ECETOC, 2007).
Neurological disorders are known to occur in populations consuming food containing cassava
(cyanogenic glucosides), particularly in combination with poor nutrition and impaired cyanide
detoxification; and Parkinson-like symptoms have also been reported in humans as a sequelae in
cases of acute life-threatening cyanide poisonings (eg. attempted suicides)(ATDSR, 2006 and
ECETOC, 2007). However, such effects have not been observed from chronic low-dose exposures,
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and there is no causal link between occupational exposure to cyanide and subjective symptoms of
neurotoxicity (ECETOC, 2007).

Toxicokinetics and dermal absorption
Dermal absorption is not a significant route of exposure for ethanedinitrile, based on data showing
rabbits exposed to ~10,000 ppm for eight hours showed no clinical signs of toxicity (ATSDR, 2006).
Ethanedinitrile does appear to be readily absorbed following inhalation exposure and is metabolised
to form the toxic cyanide anion. The rate of metabolic conversion of ethanedinitrile to cyanide in the
body is unknown as are the inhalation absorption kinetics. Hydrolysis of ethanedinitrile in in vitro
assays at 23°C and pH 7.0 showed its half-life as 50 minutes (hydrolytic rate increases with pH and
temperature; body pH is ~7.4 and temperature is ~37°C). In the absence of data, absorption is
assumed to be 100%. This is a very conservative default assumption based on the fact that HCN gas
is acutely toxic following dermal exposure, is much more water soluble than ethanedinitrile, yet still
has a respiratory absorption rate estimate of ~57%. An absorption rate of 50% following inhalation
was used to estimate a dose of ACH.
Once absorbed, cyanide has not been shown to accumulate in the blood and tissues (WHO, 2004).
No cumulative effect on organisms during repeated exposure has been demonstrated (WHO, 2004).
Blood has a limited capacity to bind cyanide by complex formation with methaemoglobin. The
background concentration of methaemoglobin in blood is about 0.3%, and blood methaemoglobin can
complex ~2.4 mg CN- in total (600 μg CN-/mL blood). This helps explain why any signs of intoxication
are absent if the total concentration of cyanide in blood is below 600 μg/mL. The toxicokinetics of
absorbed CN- and the overall maximum detoxification capacity in humans derived from the difference
in acute toxicity data at different exposure times is limited to about ~ 1 μg CN-/kg bw/min (WHO,
2004). Metabolism is via the mitochondrial enzyme rhodanase which is found in every tissue, but
primarily in the liver. It catalyses the transfer of the sulfane sulfur of thiosulfate to the cyanide ion to
form thiocyanate. Overall, rhodanase is present in all body tissues in considerable excess and is
generally not rate-limiting (ATSDR, 2006 and WHO, 2004). The limiting factor in cyanide metabolism
is the low concentration of the sulphur-containing substrates in the body, primarily thiosulfate, but also
cystine and cysteine. Half-time values of the principal metabolite thiocyanate in humans have been
reported as 4 hr, 2 days, and 2.7 days (WHO, 2004). Levels of the cyanide metabolite thiocyanate in
blood serum and plasma and urine have been employed as indicators of high cyanide exposure in
humans (WHO, 2004). However, at low levels of occupational exposure, the relationship between
exposure and urinary thiocyanate concentrations shows a wide inter- and intra-individual variation due
to a variety of factors (e.g., smoking, diet); therefore, measuring cyanide and/or thiocyanate levels in
blood and urine is not a reliable biomarker for exposure to low concentrations of cyanide.

July 2018

37
Science memo for application to import or manufacture EDN for release (APP202804)

Appendix G: List of ecotoxicity endpoints
All endpoints were sourced from the test data provided by the applicant, unless otherwise stated.
The lists of endpoints in regard to aquatic toxicity, soil toxicity, terrestrial vertebrate toxicity, and
ecotoxicity to bees and other terrestrial invertebrates, for the active ingredient ethanedinitrile are
presented under the sub-headings below.
Given the nature of the active ingredient in question, which has the physical form of a highly volatile
gas, we acknowledge the difficulty in performing standard OECD laboratory ecotoxicity tests due to
the additional complexity involved. In addition, the use pattern of EDN as a timber fumigant means
that exposure to the aquatic environment, soil environment, terrestrial vertebrates (birds), and bees
and other terrestrial invertebrates is not expected. As such, not all ecotoxicity endpoints as listed
below are necessarily required.
It should be noted that since ethanedinitrile and other cyanide based compounds and nitriles (e.g.
hydrogen cyanide, sodium cyanide) have the same mode of action, it is considered acceptable to
read-across test data between these compounds. All cyanides and nitriles contain a cyanide
functional group within their chemical structure and are toxic when they release the CN- anion. As
such, in the absence of test data for ethanedinitrile, the ecotoxicity of hydrogen cyanide and sodium
cyanide is predicted to be very similar to that of ethanedinitrile.
It should also be noted that whilst the mode of action is similar from a toxicological point of view, the
compounds differ quite considerably in their physical and chemical characteristics. For example,
ethanedinitrile is a gas, hydrogen cyanide is a liquid and sodium cyanide is a solid.
The full details of whether the individual studies have been considered acceptable or not are
presented further in this document (Appendix J).

Aquatic ecotoxicity
Table 18 contains the acute and chronic aquatic toxicity test results for the active ingredient
ethanedinitrile.
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Table 18: Summary of aquatic toxicity data for the active ingredient ethanedinitrile
Test species

Test type
and
duration

Endpoint

Fish
Guppy, Poecilia reticulata

Reference

Acute
96-hr LC50

Test results
considered
unreliable

Eminger, I, S. (2015). Acute toxicity effect of
EDN on freshwater fish Poecilia reticulata.
Performing laboratory: EMPLA AG spol. s r.
o. Za Škodovkou 305, 503 11 Hradec
Králové, Czech Republic. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova
605, 280 99 Kolín, Czech Republic.
Completed: April 29, 2015.

Chronic
Fish

60-day, ELS
flow-through

No test data submitted

Invertebrates
Daphnia magna

Chironomid, Chironomus
riparius

Acute
48-hr EC50

48-hr EC50
(TWA,
spiked
water)

Test results
considered
unreliable

Eminger, I, S. (2015). Acute toxicity effect of
EDN on Daphnia magna. Performing
laboratory: EMPLA AG spol. s r. o. Za
Škodovkou 305, 503 11 Hradec Králové,
Czech Republic. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: April
29, 2015.

1.07 mg/L
(read-across
from hydrogen
cyanide)

Doležalová, L. (2002). Daphnia acute
immobilisation test. Performing laboratory:
Výzkumný Ústav Organických Sytéz /
Centre of Ecology, Toxicology and Analytics
(VUOS / CETA), A.S. 532 18 Pardubice,
Rybitví, Czech Republic. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova
605, 280 99 Kolín, Czech Republic.
Completed: 12 March, 2002.

12.4 µg free
CN-/L (readacross from
sodium
cyanide)

Simon, M. (2011). Acute toxicity of sodium
cyanide on Chironomus riparius. Performing
laboratory: Fraunhofer-Institute for Molecular
Biology and Applied Ecology (IME), 57377
Schmallenberg, Germany. Principal
sponsor: CEFIC Cyanide Sector Group,
Avenue E. van Nieuwenhuyse 4, 1160
Brussels, Belgium. Completed: August 23,
2011.
Chronic
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Daphnia magna

21-d
reproduction

No test data submitted

Algae and aquatic macrophytes
Green algae,
Pseudokirchneriella
subcapitata

Duckweed, Lemna gibba

72-hr ErC50

7-d EYC50

Test results
considered
unreliable

Eminger, I, S. (2015). Acute toxicity effect of
EDN on freshwater alga Desmodesmus
subspicatus. Performing laboratory: EMPLA
AG spol. s r. o. Za Škodovkou 305, 503 11
Hradec Králové, Czech Republic. Sponsor:
Lučebni zăvody Draslovka a.s. Kolín,
Havlíčkova 605, 280 99 Kolín, Czech
Republic. Completed: April 29, 2015.

0.12 mg/L
(read-across
from hydrogen
cyanide)

Doležalová, L. (2002). Algal growth inhibition
test. Performing laboratory: Výzkumný Ústav
Organických Sytéz / Centre of Ecology,
Toxicology and Analytics (VUOS / CETA),
A.S. 532 18 Pardubice, Rybitví, Czech
Republic. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: 20
March, 2002.

11.6 µg CN-/L
(read-across
from sodium
cyanide)

Wenzel, A. (2011). Effect of sodium cyanide
on the growth of Lemna gibba (OECD 221),
semi-static conditions. Performing
laboratory: Fraunhofer-Institute for Molecular
Biology and Applied Ecology (IME), 57377
Schmallenberg, Germany. Study code: IPW001/4-54/J. Principal sponsor: CEFIC
Cyanide Sector Group, Avenue E. van
Nieuwenhuyse 4, 1160 Brussels, Belgium.
Completed: August 23, 2011.

General conclusion in regard to aquatic ecotoxicity hazard
Based on a 48-hour EC50 value of 12.4 µg free CN-/L to Chironomus riparius, the active ingredient
ethanedinitrile is very toxic in the aquatic environment and triggers a 9.1A HSNO classification.

Ecotoxicity in soil
Table 20 contains the acute and chronic soil toxicity test results for the active ingredient
ethanedinitrile.

Table 19: Summary of soil toxicity data for the active ingredient ethanedinitrile
Test species

Earthworm, Eisenia fetida
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Test type and
duration

Endpoint

Reference

Acute, 14-d LC50

Test results
considered
unreliable

Ajwa, H. (2015). Earthworm acute toxicity
tests (artificial soil test) for cyanogen
(C2N2) using OECD 207 test method.
Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas,
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California 93905. Laboratory study ID: AAL
2015-15. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: May
22, 2015.
Reproduction, 8-week

No test data submitted

Terrestrial plants

Vegetative vigour, 21-d
Six dicot and four monocot
plant species

Foliar application to
seedling plants

Seedling emergence,
21-d

Test results
considered
unreliable

Ajwa, H. (2015). Terrestrial plant test:
vegetative vigor test for cyanogen (C2N2)
study using OECD 227 test method.
Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas,
California 93905. Laboratory study ID: AAL
2015-14. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: May
22, 2015.

No test data submitted

Soil microbial function

Nitrogen mineralisation,
28-d

Test results
considered
unreliable

Ajwa, H. (2015). Soil microorganismnitrogen transformation for cyanogen
(C2N2) study using OECD 216 test method.
Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas,
California 93905. Laboratory study ID: AAL
2015-11. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: May
22, 2015.

Test results
considered
unreliable

Ajwa, H. (2015). Soil microorganismcarbon transformation for cyanogen (C2N2)
study using OECD 217 test method.
Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas,
California 93905. Laboratory study ID: AAL
2015-10. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280
99 Kolín, Czech Republic. Completed: May
22, 2015.

Soil microflora

Carbon mineralisation,
28-d

General conclusion in regard to ecotoxicity in soil hazard
The test results from the submitted studies in regard to ecotoxicity in soil were considered to be
unreliable. As such, a HSNO hazard classification of the active ingredient ethanedinitrile in regard to
ecotoxicity in the soil environment cannot be determined.
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Ecotoxicity to terrestrial vertebrates
Hazard class 9.3 (toxicity to terrestrial vertebrates) is only concerned with toxicity via the oral route.
Since ethanedinitrile is a gas, the oral route of exposure is not considered to be relevant. As such, the
9.3 HSNO hazard classification for ethanedinitrile is considered not applicable. It would be considered
highly likely however, that ethanedinitrile is toxic to terrestrial vertebrates such as birds via the
inhalation route. Theoretically, it is possible for birds to be exposed via inhalation should they be in
the treatment area at the moment of ventilation.

Ecotoxicity to bees and other terrestrial invertebrates
No test data in regard to ecotoxicity of the active ingredient ethanedinitrile to bees and other terrestrial
invertebrates has been submitted.

General conclusion in regard to ecotoxicity to bees and terrestrial invertebrate
toxicity
No tests have been submitted in regard to ecotoxicity to bees and terrestrial invertebrates. As such, a
HSNO hazard classification of the active ingredient ethanedinitrile in regard to ecotoxicity to terrestrial
invertebrates (9.4) cannot be determined. It is considered highly likely that ethanedinitrile is toxic to
bees and other terrestrial invertebrates.
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Appendix H: Human health risk assessment
Quantitative risk assessment
To assess potential risks to workers and the general population or bystanders from use of EDN,
predicted exposures to the active ingredient in different use scenarios are compared to an acceptable
threshold level. Threshold exposure values differ based on who they apply to (occupational workers
or the general public with more variable susceptibilities) and the estimated exposure duration (acute,
intermittent, or chronic). If predicted exposures are less than the guideline thresholds then the risk of
an adverse effect is minimised. The exposure guidelines are believed to be conservative and in
general represent “worst case” scenarios.
For worker exposure, WorkSafe New Zealand has established a workplace exposure standard (WES)
value for ethanedinitrile set at 10 ppm, however, it is being reviewed with a proposed new value of 2
ppm. If there is a concern exposure levels may exceed WES values then appropriate PPE should be
worn, or other measures need to be taken to address the risk of exposures that exceed a WES.
Several short and long term reference threshold exposure values for ethanedinitrile and cyanide have
been established by internationally reputable regulatory authorities, which can be used for assessing
risk associated with exposure to bystanders or the general public including highly susceptible
individuals. These values are summarised in Tables 3, 4, 5.

Exposure Assessment
Modelled post-fumigation air concentration levels (ie, potential human exposure levels) to
ethanedinitrile from the use of EDN fumigant in treating logs was completed by the applicant and
submitted to the EPA in a report entitled: Air Concentration Dispersion Modelling Assessment of
Ethanedinitrile (EDN) Concentration in Tauranga Port, New Zealand (Sullivan, et al. 2018). This
report, along with others (noted Graham 2018), were then reviewed by Dr Bruce Graham (EPA
consultant) and summarised in a report he submitted to the EPA entitled: Review of an Assessment of
Ethanedinitrile for Log Fumigation Report to the Environmental Protection Authority (Graham 2018).
Below is a synopsis of the executive summary of the Graham exposure report, in italics:
“This report provides a review and assessment of several documents relating to the use of
ethanedinitrile for fumigation of logs under tarpaulins. The documents were submitted to the
EPA in support of an application under the Hazardous Substances and New Organisms Act
1996 for the import and use of EDN as a fumigant on timber and logs under commercial
conditions.
The potential air concentrations of ethanedinitrile released from the fumigation of log piles
were assessed by the applicant using a technique known as atmospheric dispersion
modelling. Some of the key factors to consider in dispersion modelling are the specific model
to be used, the meteorology for the site under consideration, and the source characteristics.
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The model used for this assessment was AEROMOD. This is routinely used in New Zealand
and elsewhere for assessing the effects of industrial discharges to air. However, it is
debateable whether this, or any other dispersion model, is really suitable for simulating the
complex release patterns that are likely to occur during the ventilation phase of a log pile
fumigation.”
As a general principle, dispersion modelling results are usually taken as being reliable to within a
factor of ±2 (MfE, 2004, noted in Graham 2018).
“The meteorological inputs for the model were based on a data set for the Port of Tauranga.
As one of the larger log handling facilities in New Zealand this is an appropriate choice, and
the modelling results may also be generally applicable to other large ports in New Zealand.
However, they may not be directly relevant to more constrained locations, such as Picton,
where the plume behaviour would be significantly affected by the surrounding local
topography.”
In addition, the modelling report is solely concerned with releases from log piles under tarpaulins, and
the results cannot be used to predict the potential effects from other fumigation operations such as
logs inside shipping containers, fumigation chambers, and logs placed in ships’ holds which have also
been applied for by the applicant.
“The release estimates for ethanedinitrile were based on a fumigation phase of 23 hours
followed by ventilation in the final hour of a 24-hour cycle. The ethanedinitrile releases during
fumigation are due to gradual permeation of the gas through the tarpaulin, and this was
determined using laboratory tests on samples of the tarpaulin normally used by New Zealand
operators. Typically, about 10% of the applied ethanedinitrile was lost by permeation through
the material over a 24 hour period.
The ethanedinitrile releases during the ventilation stage were estimated using the data from a
laboratory-based study of ethanedinitrile absorption into samples of Pinus radiata logs. The
results for treatment at 150 g/m3 showed a residual average ethanedinitrile concentration of
11.1 ± 8.9 g/m3 (5216 ± 4182 ppm). In other words, more than 90% of the ethanedinitrile had
been taken up by the logs and less than 10% was available for release during ventilation.
The report on the laboratory study contains extensive discussion and analysis of the effects of
loading rates on the level of ethanedinitrile uptake. The term loading refers to the proportion of
‘air space’ in the chamber (or under the tarpaulin) that is taken up by the logs. The absorption
studies involved an average loading of 37% and it was argued that the data should be
modified to reflect a loading of 50%. The proposed change [in loading] is not insignificant; for
the 150 g/m3 treatment rate the residual ethanedinitrile concentrations are reduced to 1.4
g/m3. This represents a 99% uptake of the applied ethanedinitrile, rather than the ~90% figure
noted above.
The modelling for the ventilation phase was based on the reduced ethanedinitrile
concentrations. However, there is no real-world data available to support the use of these

July 2018

44
Science memo for application to import or manufacture EDN for release (APP202804)

very low gas concentrations. As a result, the current review has been based on both the asreported results and those that would be produced for the much higher concentrations
reported for a 37% load factor.”
This difference in loading (37% versus a proposed theoretical loading of 50%) has resulted in an
exposure factor correction of 7.4 of the modelled data (11.1 ÷ 1.5, see Graham, 2018).
The modelling report by Sullivan et al. (2018) was also based on individual log piles with a total
volume of 750 m3. However, it is known from previous studies with methyl bromide treatment that
some log piles can be up to twice this size (1500 m3). This pile size difference would require the use
of double the amount of ethanedinitrile and corresponding releases of twice the amount of residual
gas. Accordingly, modelling results were also adjusted upwards by a factor of 2 to account for this
possible difference in log pile volume.
"The modelling assessment considered fumigation of a single log pile, and fumigation of up to
30 log piles at a time. The results for the latter are of most interest here because they
represent a probable worst-case scenario for fumigations at New Zealand ports. The
fumigation days for both scenarios were selected using a Monte Carlo technique, which
involved repeated random sampling through a 5-year meteorological data set. The results
given in the modelling report are for the 95th and 90th percentile results but only the 95th
percentiles have been reported in the below tables, in order to give a more conservative
assessment. Similarly, only the results for an EDN treatment rate of 150 g/m3, have been
considered because that is the maximum rate proposed by the applicant.”

Workers (fumigation of logs/timber under tarpaulins)
The ethanedinitrile exposure estimates for workers presented in Table 20 is a 95th percentile modelled
exposure average at either 1 or 24 hrs after tarpaulin removal at a distance of either 10 m from a
single log pile source or 20 m from a multiple log pile source (see Graham 2018 for concentrations at
further distances). Exposure adjustments have been included for potential uncertainties in residual
ethanedinitrile concentration under the tarpaulin at the time of removal and uncertainties in the
volume of the log piles fumigated, and also for model reliability uncertainties.

Table 20: Maximum predicted downwind ethanedinitrile concentration (ppm) at 10 m
and 20 m from source
Application
Rate (g/m3)
150

Percentile

Single Source (10 m)
1-hour (ppm)

24-hours (ppm)

Multiple Source (20 m)
1-hour (ppm)

24-hours (ppm)

95th

0.004

0.010

0.020

0.029

150
(adjusted)2

95th

0.059

0.148

0.296

0.429

150
(adjusted)3

95th

0.118

0.296

0.592

0.858

(modelled)1

July 2018

45
Science memo for application to import or manufacture EDN for release (APP202804)

1.)

Air Concentration Dispersion Modeling Assessment of Ethanedinitrile (EDN) concentrations in
Tauranga Port, New Zealand. Sullivan Environmental Consulting, Inc., Alexandria, VA 22308
(Jan. 15, 2018).

2.)

Adjustments include a factor of ~7.4 due to uncertainties in residual ethanedinitrile concentration
under the tarp at the time of removal, and an uncertainty factor of 2 based on log pile volume
ranging from 750m3 (size modelled) to 1500 m 3 (current pile size for methyl bromide).

3.)

Uncertainty of 2 associated with dispersion modelling results (MfE, 2004).

Workers (fumigation of logs/timber in fumigation chambers)
No data were provided to assess ethanedinitrile exposure levels or emission dynamics in association
with its use in fumigation chambers.

Workers (fumigation of logs/timber in shipping containers)
No data were provided to assess ethanedinitrile exposure levels or emission dynamics in association
with its use in shipping containers.

Workers (fumigation of logs/timber in ships’ holds)
No data were provided to assess ethanedinitrile exposure levels or emissions in association with its
use in ships’ holds.

General Public (bystander)
Exposure of ethanedinitrile to the general population would potentially occur in two types of exposure
scenarios. The first being that of an acute or transient nature lasting anywhere from minutes to hours
over a limited time period, and the second being an exposure that would be considered more chronic
and continuous in nature. This type of exposure would be reflective of individuals who may be
residing near a fumigation operation.
The general population is naturally exposed to low levels of cyanide. It is endogenously produced in
the body and “unpolluted air” averages ~0.160 – 0.166 ppm (0.187 mg cyanide/m 3). Cyanide is also
naturally present in some food products (almonds, millet sprouts, lima beans, soy, spinach, bamboo
shoots, and cassava roots) and can be detected in drinking water supplies. Its presence in water and
air are primarily as a result of industrial activities as well as from combustion gases from automobiles.
More significant individual exposure can occur from use of cigarettes [10 to 400 µg/cigarette for
mainstream (inhaled) smoke] (ATSDR, 2006). To put this exposure in perspective, this exogenous
amount of CN- from cigarettes would represent a mg CN-/kg bw/day exposure level that is over five
times the value staff have proposed as a TEL (0.034 ppm).
Table 21 contains the predicted air concentrations modelled from either a single or multiple pile
source at two time periods after tarpaulin removal.
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Table 21: Maximum predicted downwind ethanedinitrile concentration (ppm) at 60 and
120 m from source
Single Source (60 m)

Multiple Source (120 m)

Application
Rate (g/m3)

Percentile

150
(modelled)1

95th

0.001

0.001

0.007

0.009

150
(adjusted)2

95th

0.015

0.015

0.104

0.133

150
(adjusted)3

95th

0.030

0.030

0.208

0.266

1-hour (ppm)

24-hours (ppm)

1-hour (ppm)

24-hours (ppm)

1.) Air Concentration Dispersion Modeling Assessment of Ethanedinitrile (EDN) concentrations in
Tauranga Port, New Zealand. Sullivan Environmental Consulting, Inc., Alexandria, VA 22308
(Jan. 15, 2018).
2.) Adjustments include a factor of ~7.4 due to uncertainties in residual ethanedinitrile
concentration under the tarp at the time of removal, and an uncertainty factor of 2 based on
log pile volume ranging from 750m 3 (size modelled) to 1500 m3 (current pile size for methyl
bromide)
3.) Uncertainty of 2 associated with dispersion modelling results (MfE, 2004).

Exposure Threshold Values
The relevant exposure threshold values used for managing risks from exposure were those from
WorkSafe (WES), the NRC/US EPA acute exposure guideline values (AEGL), and the TEL derived by
EPA staff (Tables 24 – 26).
Daily cyanide dose thresholds (noted in Table 4) derived by other agencies for their assessment of
long term exposure risks ranged from ~0.00024 – 0.05 mg CN-/kg bw (~200 fold variation between
agency values). When the atmospheric TEL exposure level derived by the NZ EPA to ethanedinitrile
gas (0.034 ppm) is converted to a mg/kg bw dose level of cyanide it is ~0.01 mg CN-/kg bw/day. Thus,
the cyanide exposure value established by the NZ EPA using ethanedinitrile is in the range of cyanide
threshold exposure levels established by several other regulatory bodies who utilized data from other
cyanide sources to set levels for CN- exposures when present in food and water sources.
The EPA staff chose to derive its own TEL for ethanedinitrile as opposed to using one of the various
chronic exposure reference values noted in Table 4 as it was based on a chronic study of use the
active found in EDN whereas, the values developed by overseas regulators were based on studies
using cyanide salts or other cyanide releasing compounds. Also the studies used for setting
thresholds by the other foreign regulatory bodies were from toxicology studies using oral CNexposures, or for the RfC set by the US EPA , the cyanide level was based on an epidemiological
assessment of inhalation of either copper cyanide or sodium cyanide. This study was reviewed in the
ECETOC, 2007 report and the conclusions drawn by the authors in that review deemed this study to
not be reliable for use in risk assessment. The basis for their rejection was due to the fact that the
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data are derived from three electroplating industrial settings in Egypt noted to also have exposures to
numerous other compounds and uncertainties associated with the kinetics and amounts of
thiocyanate found in the plasma and urine and its relationship to some of the clinical symptoms and
potential exposure levels identified in the study.
The relevant toxicity study that was used by EPA staff to derive a tolerable exposure level (TEL) for
ethanedinitrile to the general public (bystander) was the only well-controlled chronic study assessing
the toxicological effects of ethanedinitrile and is summarised in Table 22 and 34.

Table 22: Summary of studies relevant for establishing a tolerable exposure limit (TEL)
NOAEL
Key systemic effect

Rats: 6 month
inhalation of
ethanedinitrile (Lewis,
T.R., et al. (1984):
Decreased weight
gain

mg/kg
bw/day
NOAEL 11.2
ppm (23.83
mg/m3)(2.05
mg/kg
bw/day)1

Uncertainty
factors

100

Absorption
factor

100

TEL
(ppm)

TEL: 0.034 ppm (0.072
mg/m3, (approx. daily
dose based on this air
concentration is 0.0205
mg/kg bw/day)2

Justification

This is the only
well-controlled
chronic exposure
study that utilised
ethanedinitrile as a
test substance

1.) Rat atmospheric exposure NOAEL converted to an average daily intake (mg/kg bw dose) of
ethanedinitrile. This was completed to adjust for rodent respiratory intake versus human
respiratory physiological parameters.
= [Rat alveolar ventilation rate (L/min)] x (min/hr) x [rat exposure time (hrs/day)] x (ethanedinitrile
concentration mg/m3) x (m3/1000 L) / rat BW (kg)
= 0.117 L/min x 60 min/hr x 6 hrs/day x 23.83 mg/m3 x 1 m3/1000 L / 0.35 Kg
= 2.87 mg/kg bw/day x (5 of 7 day exposure correction)
= 2.05 mg ethanedinitrile/kg bw day
2.) TEL = NOAEL / 100 = 0.0205 mg ethanedinitrile/kg bw/day
TEL mg/kg bw/day dose converted to an atmospheric exposure level for humans
ethanedinitrile mg/m3 = TEL (mg/kg bw/day) x human bw (kg) / daily human ventilation rate
(m3/day)
= [0.0205 mg/kg bw/day x 70 kg bw] / 20 m3/day = 0.072 mg/m3 (0.034 ppm)

Other input values for the exposure assessment are summarised in Table 23.

Table 23: Values used for human exposure risk assessment of workers
Proposed WES (ppm)
Ethanedinitrile
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Table 24: Values used for short-term human exposure risk assessment of bystanders
(ppm)
Acute exposure guideline values for ethanedinitrile (ppm)

AEGL-1

10 min

30 min

60 min

4 hr

8 hr

2.5

2.5

2.0

1.3

1.0

Table 25: Values used for long-term human exposure risk assessment for bystanders
Tolerable Exposure Limit for ethanedinitrile

TEL

0.034 ppm (0.072 mg ethanedinitrile/m3)

Worker and bystander risk assessments
Workers (fumigation of logs/timber under tarpaulin sheets)
For the application method of fumigation under a tarpaulin, all of the modelled exposure scenario
results (even with the multiple uncertainty adjustment factors) for the predicted worker exposures on
the downwind side of the log pile source are below both the current (10 ppm) and proposed (2 ppm)
New Zealand WES values at a minimum buffer zone distance of 10 m for a single log pile source, or
at a 20 m distance (10 m was not modelled for a multiple log scenario) when multiple log piles have
been fumigated (Graham, 2018). Although the estimated ethanedinitrile concentration at the 10 or 20
m distances is low, it is based on a mixing gradient starting at the source (log pile) where the
ethanedinitrile concentration is estimated to be anywhere from 200 to 9,500 ppm (extreme difference
due to modelling assumptions). Therefore, appropriate respiratory PPE should be required when
working within 10 m of a single EDN treated log source or 20 m of multiple log pile sources to ensure
risks of adverse health effects are mitigated.
PPE would not be required to be worn outside the 10 or 20 m exposure boundary but should be
readily accessible if needed. The current exposure estimates are based completely on modelling and
it would be prudent to have monitoring devices strategically located at any buffer zone border to
ensure ethanedinitrile levels are as low as those that were modelled.
In addition to the fumigated log stacks, ethanedinitrile exposure could potentially come from the gas
tanks themselves under unanticipated situations, eg. leaks. Accordingly, active air monitoring should
be present in association with the EDN gas tanks to ensure the integrity of the cylinders and their
fittings.

Workers (fumigation of logs/timber fumigation chambers)
No data were provided to assess ethanedinitrile exposure levels or emissions in association with its
use in fumigation chambers and it is unknown if a 20 m buffer zone would be sufficient to manage the
risks associated with this use pattern. Accordingly, appropriate PPE would be required at all times
unless buffer zones can be established through monitoring data.
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Workers (fumigation of logs/timber shipping containers)
No data were provided to assess ethanedinitrile exposure levels or emissions in association with its
use in fumigation shipping containers and it is unknown if a 20 m buffer zone would be sufficient to
manage the risks associated with this use pattern. Accordingly, appropriate PPE would be required at
all times unless buffer zones can be established through monitoring data.

Workers (fumigation of logs/timber ships’ holds)
No data were provided to assess ethanedinitrile exposure levels or emissions in association with its
use in ships’ cargo holds. Accordingly, appropriate PPE would be required at all times.

Bystander (general public)
Risk associated with ethanedinitrile exposure to the general public was evaluated under two different
exposure scenarios. A short-term scenario for very acute or transient exposures of 10 min. to 8
hours/day, and a longer term exposure scenario in which exposure durations could be of a more
continuous nature for exposure to people who may be living or working in close proximity to a
fumigation facility.
For evaluating the risk for the short-term exposures, the modelled exposure levels were put into
context with the acute exposure guidelines (AEGLs) values established by the NRC and US EPA
(Tables 4 and 26). Under this exposure scenario, the risks to bystanders are negligible as the
modelled exposure level after all the uncertainty adjustments (see Table 20) is 0.858 ppm and the
AEGL threshold values of concern for 10 minutes is 2.5 ppm and 1 ppm over an 8 hour period.
For longer term exposure risks, the modelled exposure levels were evaluated in the context of the
EPA staff-derived TEL of 0.034 ppm ethanedinitrile. Under this exposure scenario, risks to bystanders
are negligible from a single source log pile at a distance of 60 m as the estimated exposure level after
all the uncertainty adjustments are included is 0.030 ppm (Table 21). However, risks are not
insignificant for the estimated exposure levels coming from a multiple log pile source. In this scenario
after all the uncertainty adjustment factors are included the modelled exposure is 0.266 ppm (~7.8X
above the TEL) at 120 m (the farthest distance modelled). In order to bring exposure levels down to
an acceptable level, controls would need to be put into place.
In order to bring exposure levels down to the level of the TEL, monitoring of ethanedinitrile under the
tarpaulin would need to occur and the tarpaulin could not be removed after fumigation until the
average ethanedinitrile concentration reached ~1.5 g/m3 (~700 ppm). With this control, the estimated
exposure level (ie, 24 h average from a multiple log pile source) with a 2X adjustment for stack size
up to a 1500 m3 log pile volume and a 2X adjustment for model uncertainty is ~0.036 ppm (0.009 ppm
x 4). This value is equivalent to the TEL (0.034 ppm) at a distance of 120 m.
EPA staff also recommend an active monitoring programme be established to ensure ethanedinitrile
levels leaving the fumigation facility to sites where bystanders could be exposed are below the
established TEL.
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Appendix I: Environmental risk assessment
Based on the proposed use of EDN as outlined in the GAP table (fumigation of timber log stacks
under tarpaulin), it is key that no direct exposure of non-target plants, terrestrial or aquatic organisms
is expected to occur since fumigation is intended to occur in a “closed system”. As such, it is
considered that there is no direct exposure pathway between the concentrations of ethanedinitrile
used at fumigation, and any non-target plants, terrestrial or aquatic organisms. It should be noted that
only the uses of EDN listed in the GAP table have been assessed.
Given the nature and use pattern proposed for this application, a qualitative environmental risk
assessment was considered to be most appropriate to evaluate the risk, and was performed following
international acceptance of the 2012 Australian Government’s Department of Sustainability,
Environment, Water, Population and Communities (DSEWPaC) environmental risk assessment for
ethanedinitrile, prepared for the Australian Pesticides and Veterinary Medicines Authority (APVMA).
Exposure of non-target plants, terrestrial or aquatic organisms to ethanedinitrile would only be
possible indirectly, for example as a result of an accident. Potentially, terrestrial vertebrates and
invertebrates could be at risk from leaks during use, or through venting of ethanedinitrile from treated
spaces in the same way as bystanders. There is little or no information on direct effects resulting from
incidents/spills of ethanedinitrile however, and no data on the effects of any incidents on the
environment.
The risk to the aquatic and terrestrial environment from use of EDN has been qualitatively assessed
under the headings below.

Aquatic risk assessment
Any risk to aquatic species from use of EDN is considered limited on the basis of low potential for
exposure, especially under windy conditions that are expected to provide the mechanical turbulence
to disperse the fumigant, and also the turbulent water conditions that appear to be unfavourable for
partitioning. As such, based on the use pattern, it is considered that there is no exposure pathway
between EDN and the aquatic environment.
On the basis that ethanedinitrile has the potential to be present over water bodies in the vicinity of
fumigation sites, it would be prudent to ensure that fumigations are not conducted under still
conditions that could result in an inversion, where it is more likely that EDN could move into water. As
such, the following label restraint should be added:


Atmospheric conditions should be monitored and ethanedinitrile should not be vented
under very low wind speed conditions (less than 5 km/h), or under inversion conditions.
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Terrestrial risk assessment
Soil organisms
Risk to soil organisms such as earthworms is limited on the basis of low potential for exposure ie,
there is no exposure pathway.

Non-target plants
Risk to non-target plants is limited on the basis of low potential for exposure ie, there is no exposure
pathway.

Terrestrial vertebrates (birds)
Although it is considered that there is no direct route of exposure to birds during fumigation of timber
log stacks, it is possible that birds visiting the treatment area could be exposed to ethanedinitrile via
inhalation following ventilation to atmosphere once fumigation is complete. Release of ethanedinitrile
to the atmosphere may occur during fumigation through leakage or penetration through the tarpaulin,
or following venting through escape of residual ethanedinitrile in the container, including desorption of
ethanedinitrile from the container material and timber.
Ethanedinitrile is expected to rapidly dissipate in the atmosphere however, based on the exposure
modelling. As such, it is unlikely that ethanedinitrile would be present at sufficient concentrations in
the atmosphere to pose any significant risk to birds.
Since fumigations are to be undertaken at port locations, much of the risk identified is expected to be
mitigated since these areas are likely to be undesirable to most species of birds with the exception of
possibly sea birds such as gulls. The potentially important inhalation route of exposure has not been
fully assessed since there is no reliable estimate of exposure. It was not possible therefore to assess
the acute and long term risks to birds. As such, the EPA proposes to manage any uncertainties in
regard to potential risks to birds by a permission control. The purpose of the permission control is to
enable the EPA to manage potential risks to birds by requiring that the a site-specific risk assessment
is to be provided by the user including the location of, and species present of, nearby bird colonies
and their distance to the treatment site, and how any potential risks will be managed.
In addition, the following control should be applied to ensure the protection of nearby water birds:


Fumigations conducted at port locations must be undertaken only at locations where
water bird colonies are not known to exist.

Terrestrial invertebrates
Although no test data were submitted in regard to the ecotoxicity of ethanedinitrile to bees and other
terrestrial invertebrates, it is highly likely that ethanedinitrile is toxic to any bees and other terrestrial
invertebrates that may be present within the fumigation site. Since fumigations are to be undertaken
at port locations however, much of any potential risk is expected to be mitigated as it is unlikely that
any flowering plants or weeds would be present, and as such would not be an attractive location for
bees or other terrestrial invertebrates to visit.
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Global warming potential (GWP)
Ethanedinitrile does not have any halogens and therefore has no potential to affect upper atmospheric
ozone. There is uncertainty with respect to the rate of degradation of ethanedinitrile in the
atmosphere, and there is insufficient information to calculate the time-integrated radiative forcing of
ethanedinitrile with respect to CO2.

Ozone depleting potential (ODP)
Ethanedinitrile is not listed as an ozone depleting substance under the Montreal Protocol.

Conclusions of the ecological risk assessment
Due to a lack of direct exposure to aquatic organisms or direct contamination of surface water the
direct risks to aquatic organisms are considered to be negligible.
Terrestrial vertebrates and invertebrates, particularly threatened or non-threatened native species, are
unlikely to be found in the surroundings of a port where ethanedinitrile will be vented. Furthermore,
ethanedinitrile will quickly volatilise and dissipate in the atmosphere. Since the likelihood of exposure
is low, the direct risks to terrestrial vertebrates and invertebrates are considered to be negligible with
the proposed controls in place.
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Appendix J: Study summaries
Toxicity study summaries
EPA staff reviewed studies on the toxicity of ethanedinitrile and several other nitriles that generate
cyanide as their mode of toxicity. Many of these studies have been reviewed by foreign regulators and
have been incorporated into several major reviews. Accordingly, many of these studies have not been
re-summarised in detail. These studies are used to describe potential risks to human health. The
effects on mammals in these studies are used as proxies for the impact on humans. The data from
the studies has been used for classifying the active ingredient and the formulated substance. Our
summary of the studies is provided in Table 26 – Table 34.

Table 26: Acute Inhalation Toxicity
Study type

Acute inhalation toxicity

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

LC50

Value

136 ppm (4 hr)
Ethanedinitrile: Acute Inhalation Toxicity in Rats;
, Lab Study No.: 44021; April 12, 2017

Reference
Klimisch Score

1

Amendments/Deviations

None of significance to impact the conclusion

GLP

Yes
OPPTS 870.1300 (1998)

Test Guidelines

OECD TG-403 (2009),
Health Effects, Part B.2 (Acute Toxicity Inhalation) Council Regulation (EC)
No. 260/2014

Species

Rat

Strain

Sprague-Dawley albino
Group A: 5/sex

No/Sex/Group

Group B: 5 males
Group A: 63.14 and 181.56

Dose Levels

Group B: 128.02

Exposure Type

Inhalation, nose only

Study Summary

Animals were exposed to test material for 4 hours with chamber
concentrations periodically monitored. Animals were observed for mortality,
signs of gross toxicity, and behavioural changes at least once daily for 14
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days or until death. Body weights were recorded prior to exposure and on
Days 1, 3, 7, and 14. Necropsies were conducted on all animals.
Exposure Conc.
(ppm)

Mortality

Males

Females

Total

63.14

0/5

0/5

0/10

128.02

1/5

NA

1/5

181.56

5/5

1/5

6/10

63.14 ppm: Three animals exhibited nasal discharge, four had irregular
respiration, and four exhibited ano-genital staining. All recovered by Day 3
and gained weight. None had any gross abnormalities at necropsy.
128.02 ppm: One male died within 24 hours. At necropsy it exhibited
discoloured lungs liver and distension of the intestines and stomach. All
animals were hypoactive, had prone postures and/or irregular respiration. By
Day 4, survivors gained weight, and exhibited no gross abnormalities at
necropsy.
181.56 ppm: Five males and one female died within 24 hours. Prior to death
three animals were hypoactive, had a prone posture, and had irregular
respiration. There were no clinical signs in the other three animals that died.
At necropsy animals exhibited discoloured lungs and liver and distension of
the intestines and stomach. The four survivors were hypoactive, had prone
postures and/or irregular respiration. All recovered by Day 3, gained weight,
and exhibited no gross abnormalities at necropsy.
Additional Comments

None

Conclusion

Under the conditions of this study the LC50 was determined to be 136.46 ppm
for males rats and <181.56 ppm for females rats. The data did not allow for
the calculation of the LC50 for females.

Table 27: Acute Inhalation Toxicity
Study type

Acute inhalation toxicity

Flag

Supporting information

Test Substance

Ethanedinitrile

Endpoint

LC50

Value

~350 ppm (1 hr), ~700 ppm (30 min), ~1500 ppm (15 min)

Reference

McNerney JM, Schrenk HH. 1960. The acute toxicity of cyanogen. Am Ind
Hyg Assoc J 21:121-124.

Klimisch Score

2

Amendments/Deviations

None known

GLP

No (pre-GLP)
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Test Guideline

Non guideline, experimental

Species

Rat

Strain

Unknown

No/Sex/Group

6/dose/exposure time

Dose Level (ppm)/exposure
time (min)

0, 250/60, 250/120, 400/60, 400/45, 500/45, 500/30, 1000/30, 1000/15,
2000/15, 2000/7.5, 4000/15, 4000/7.5

Exposure Type

Whole body chamber
Animals were exposed for various times and concentrations and observed for
14 days.
Concentration (ppm)

Time (min)

Mortality

4000

7.5

3/6

4000

15

6/6

2000

7.5

0/6

2000

15

6/6

1000

15

0/6

1000

30

6/6

500

30

0/6

500

45

6/6

400

45

0/6

400

60

6/6

250

60

0/6

250

120

4/6

0

-

0/6

Study Summary

Clinical observations observed chronologically: blinking of eyes, rubbing of
forepaws over eyes and snout, huddling, inactivity, gasping, tearful eyes,
yellow fluid coming from nares and mouth, restlessness and panic, poorly
coordinated movements, bright pink skin, laboured breathing progressing to
gasping, tremors, sluggishness, prostration, shallow breathing and death.
Additional Comments

The dose mortality response curve over time and concentration is very steep.

Conclusion

Under the conditions of this study the LC50 was ~350 ppm (1 hr), ~700 ppm
(30 min), ~1500 ppm (15 min)

Table 28: Acute Dermal Toxicity
Study type

Acute dermal toxicity

Flag

Key study

Test Substance

Ethanedinitrile
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Endpoint

LD50

Value

>10,000 ppm (8 hr)

Reference

McNerney JM, Schrenk HH. 1960. The acute toxicity of cyanogen. Am Ind
Hyg Assoc J 21:121-124.

Klimisch Score

2

Amendments/Deviations

None noted

GLP

No (pre-GLP)

Test Guideline

Non-guideline

Species

Rabbit

Strain

Albino

No/Sex/Group

4 males

Dose Level (ppm)/time (min)

10,000 ppm (only one dose tested) / 8 hours

Exposure Type

Whole body chamber modified to allow the head to be sealed off in a
chamber under positive pressure to prevent inhalation exposure

Study Summary

Animals were closely clipped of their fur and restrained in a stock and placed
in a chamber that was modified to allow the head to be sealed off in a
positive pressure chamber to prevent inhalation exposure. They were then
exposed for an eight hour period. There was no evidence of any clinical signs
of toxicity or gross pathological lesions apparent at autopsy.

Additional Comments

None

Conclusion

Under the conditions of this study the LC50 is >10,000 ppm and
ethanedinitrile does not appear to be a dermal irritant or is capable of being
absorbed via the skin at a level capable of inducing toxicity

Table 29: Acute Eye Irritation
Study type

Human ocular irritation

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

Ocular irritation

Value

16 ppm

Reference

McNerney JM, Schrenk HH. 1960. The acute toxicity of cyanogen. Am Ind
Hyg Assoc J 21:121-124.

Klimisch Score

2

GLP

No

Test Guidelines

Experimental (non-guideline)

Species

Humans

July 2018

57
Science memo for application to import or manufacture EDN for release (APP202804)

5 / 8 ppm (3M, 2F)
No/Dose/Sex

7 / 16 ppm (4M, 3F)

Dose Levels

8 and 16 ppm

Exposure Type

Whole body chamber

Study Summary

Three tests were perform in a sealed room. One at 8 ppm for 6 minutes and
two studies at 16 ppm for ~8 minutes. Ages ranged from 21 to 65 years old.
At 8 ppm no sign of irritation was noted. During the 16 ppm tests subjects felt
eye irritation almost immediately after the concentration reached the desired
level and occurred simultaneously or slightly before nasal irritation. Both
forms of irritation persisted for several minutes after exposure ceased.

Additional Comments

None

Conclusion

Ethanedinitrile induces eye irritation at ~16 ppm. This type of study does not
allow for classification of ethanedinitrile as an eye irritant.

Table 30: Genotoxicity – In vitro mutation
Study type

Bacterial reverse mutation

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

Chromosomal mutations

Value

Negative

Reference

Woods, I, 2016; Envigo Study Number: BT66SP, Envigo CRS Limited,
Wooley Road, Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, UK

Klimisch Score

1

Amendments/Deviations

None of significance

GLP

Yes
OECD 471

Test Guidelines

US EPA OPPTS 870.5100
EC Commission Reg. No. 283/2013
Salmonella typhimurium strains TA1535, TA1537, TA98, TA100

Species/Strain

E. coli WP2 uvrA (pKM101)

Dose Levels

Up to 5% v/v

Exposure Type

In vitro, ethanedinitrile

Study Summary

Bacteria exposed to ethanedinitrile, +/-S9, control was sterile air. Toxicity was
seen in all strains following exposure to ethanedinitrile at 0.015% v/v and
above in all test (except in one strain where it was observed at 0.005% and
above). No evidence of mutagenic activity was seen at any concentration.

Additional Comments

None
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Conclusion

No evidence of mutagenic activity was seen at any concentration

Table 31: Genotoxicity – In vitro chromosomal aberration
Study type

In vitro chromosomal aberration

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

Aberrations

Value

Positive (see comments)

Reference

Woods, I, 2016; Envigo Study Number: WS10TH, Envigo CRS Limited,
Wooley Road, Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, UK

Klimisch Score

1

Amendments/Deviations

None of significance

GLP

Yes
OECD 473

Test Guidelines

US EPA OPPTS 870.5375
EC Commission Reg. No. 283/2013

Species/Strain

Human lymphocytes
-S9 (3hr): 0.2, 0.3 and 0.4% v/v

Dose Levels
Exposure Type

+S9 (3hr): 0.15, 0.25, 0.4% v/v
In vitro, ethanedinitrile
No statistically significant increases in endo-reduplicated metaphases were
observed during metaphase.
-S9 (3hr): Statistically significant increases in the proportion of metaphase
figures containing chromosomal aberrations were seen at 0.2 and 03%
(excluding gaps) and at 0.4% (excluding and including gaps). A reduction in
the mitotic index to 49% (51% cytotoxicity) was seen at 0.4% v/v. The mean
value were within laboratory historical control for the two lower levels.

Study Summary

+S9: Statistically significant increases in the proportion of metaphase figures
containing chromosomal aberrations were seen at 0.4% (excluding and
including gaps). A reduction in the mitotic index to 49% (51% cytotoxicity)
was seen at 0.4% v/v.
Statistically significant increases in the proportion of polyploid metaphase
cells was observed during metaphase analysis occurred +/-S9.
As a clear statistically significant response was displayed after 3hr treatment
in both +/-S9, no treatment of cultures for 21 hrs –S9 is required.
To investigate a possible no observed effect level following 21 hr treatment
+S9 treatment, experiments on concentrations ranging from 0.00000005% to
0.0005% were conducted. Overt toxicity was noted at all concentrations.

Additional Comments

July 2018

Although the results are considered positive, multiple indicators associated
with the assay response and the mechanism of ethanedinitrile toxicity

59
Science memo for application to import or manufacture EDN for release (APP202804)

(metabolic inhibitor) provide evidence for a secondary mechanism and that
the observed effects may be related to a non-direct effect on DNA. It was
noted that this study is not designed to measure numerical aberrations.

Conclusion

Ethanedinitrile was shown to cause an increase in the frequency of structural
chromosome aberrations and numerical aberrations after a 3-hr treatment +/S9. Overt toxicity was noted at 0.00000005% and above following 21 hrs
exposure +S9.

Table 32: Genotoxicity – In vitro mammalian cell mutations
Study type

In vitro mouse mutation assay

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

Mutations

Value

Positive (see comments)

Reference

Woods, I, 2016; Envigo Study Number: TJ774JS, Envigo CRS Limited,
Wooley Road, Alconbury, Huntingdon, Cambridgeshire, PE28 4HS, UK

Klimisch Score

1

Amendments/Deviations

None of significance

GLP

Yes
OECD 490

Test Guidelines

US EPA OPPTS 870.5300
EC Commission Reg. No. 283/2013

Species/Strain

L5178Y lymphoma cells (TK +/-)

Dose Levels

0 - 5% v/v

Exposure Type

In vitro, ethanedinitrile
In the preliminary toxicity test (0.01 – 5%), relative suspension growth (RSG)
was reduced from 93 to 2% and 108 to 2% in the absence and presence of
S9. Following a 24 hour exposure –S9 RSG was reduced from 63 to 0%.
The objective was to test concentrations spanning the entire toxicity range of
10 to 100% relative total growth (RTG).

Study Summary

-S9 (3hr): There were increases in mean mutant frequencies that exceeded
the sum of the mean concurrent control and the global evaluation factor
(GEF) at concentrations of 0.4 and 0.5% with the RTG being reduced to 45
and 16% respectively.
+S9: There was an increase in mean mutant frequency that exceeded the
sum of the mean concurrent control and the global evaluation factor (GEF) at
a concentration of 1% with the RTG being reduced to 22%.
-S9 (24hr): There was an increase in mean mutant frequency that exceeded
the sum of the mean concurrent control and the global evaluation factor
(GEF) at a concentration of 0.15% with the RTG being reduced to 25%
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Additional Comments

Although the results are considered positive they may be a result of a nondirect effect on DNA due to significant cytotoxicity and are thus a false
positive.

Conclusion

Ethanedinitrile demonstrated mutagenic potential. The maximum
concentrations tested were limited by toxicity to 0.5 and 1% v/v, with RTG
being reduced to 22 and 16% for the 3 hour treatments, +/-S9 respectively.
The increases in mean mutant frequency were associated with decrease in
RTG (a measurement of toxicity).

Table 33: Chronic Inhalation Toxicity
Study type

Chronic repeated exposure 6 months

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

NOAEL

Value

11.2 ppm

Reference

Lewis, T.R., et al. (1984). J Environ Pathol Toxicol Oncol

Klimisch Score

2

Amendments/Deviations

None noted

GLP

No (Pre-GLP)

Test Guideline

Non-Guideline

Species

Rat

Strain

Sprague-Dawley COBS

No/Sex/Group

30 males/dose

Dose Levels

0, 11.2 and 25.3 ppm

Exposure Type

Inhalation, stainless steel and glass chambers, 6 hr/day, 5 days/week

Study Summary

Rats were exposed for 6 months by whole-body inhalation to 0, 11, or 25
ppm. Visual observations were made daily and all animals were weighed
prior to exposure and at termination and at least once monthly. A group of 6
rats/dose were terminated after 2 and 5 days, as well as after 1, 3, and 6
months exposure. Blood samples were withdrawn at sacrifice and examined
[haematocrit (Hct), haemoglobin (Hb), and thyroid hormone (T3/T4) %
uptake]. Gross necropsy was performed with special attention given to heart,
liver, kidney, cerebellum, cerebrum, lungs, thyroid, spleen, and bone marrow.
Representative samples of each organ were fixed for histopathology.
Samples of lung tissue were weighed and dried to assess moisture
content/weight loss.
There were no effects on haematological or clinical chemistry parameters,
gross pathology, or histopathology attributable to the cyanogen exposure.
Body weights were significantly lower in rats exposed to 25 ppm.
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Additional Comments

This study lacked significant robustness in many areas. These include the
number of toxicity endpoints assessed, tissues examined, use of only one
sex, and the lack of three treatment levels to assess a dose response. It is
also unknown as to whether this study was conducted under GLP and the
number of animals utilised was low too. Nonetheless it does represent a
chronic exposure study conducted on ethanedinitrile and minimal effects
were observed following a 6 month exposure to ethanedinitrile.

Conclusion

The NOAEL was concluded to be 11.2 ppm due to a significant difference in
body weight between controls and the highest dose group.

Table 34: Chronic Inhalation Toxicity
Study type

Chronic repeated exposure 6 months

Flag

Key study

Test Substance

Ethanedinitrile

Endpoint

NOAEL

Value

25.3 ppm

Reference

Lewis, T.R., et al. (1984). J Environ Pathol Toxicol Oncol

Klimisch Score

2

Amendments/Deviations

None noted

GLP

No (preGLP)

Test Guideline

Non-Guideline

Species

Rhesus monkey

Strain

Rhesus

No/Sex/Group

5 males/dose

Dose Levels

11.2 and 25.3 ppm

Exposure Type

Inhalation, stainless steel and glass chambers, 6 hr/day, 5 days/week

Study Summary

Monkeys were exposed for 6 months with behavioural testing assessed using
operant chambers. Animals were pre-trained prior to exposure. Testing was
carried out 1 day/week for 12 monkeys and 5 days per week for 3 monkeys
(1 per grp). Testing began within one hour after the daily exposure
throughout the 6 month period. The animals tested daily were continued on
their schedule for 4 weeks following termination to evaluate recovery then
sacrificed. Visual observations were made daily and animals were weighed at
the beginning of the study, once monthly, and prior to sacrifice.
Electrocardiograms were taken on each monkey immediately prior to the first
exposure and immediately after their last one. Blood samples were withdrawn
on each animal at Day 0 and after 3 and 6 months of exposure (Hct, Hgb,
T3/T4% uptake). 11 monkeys were sacrificed at termination and 3 were
sacrificed after a 4 week recovery. Gross necropsy was performed with
special attention given to heart, liver, kidney, cerebellum, cerebrum, lungs,
thyroid, spleen, and bone marrow. Representative samples of each organ

July 2018

62
Science memo for application to import or manufacture EDN for release (APP202804)

were fixed for histopathology. Samples of lung tissue were weighed and dried
to assess moisture content/weight loss.
One control monkey died near the start of exposures and there were no
consistent clinical observations noted. Results of behavioural testing
indicated the presence of some changes in the response rate in the operant
response test that returned to normal by the end of study. No changes were
observed in the clinical chemistry parameters or in gross or microscopic
pathology. No changes in ECG were noted. Lungs from control animals
contained more moisture than those of both treatment groups. The biological
significance of this is unknown and it was not observed in rats exposed in a
similar manner in a parallel experiment. There was an absence of lung
fibrosis.

Additional Comments

This study lacked significant robustness in many areas. These include the
number of toxicity endpoints assessed, tissues examined, and the lack of
three treatment levels to assess a dose response. It is also unknown as to
whether this study was conducted under GLP and only a single sex was
assessed. Nonetheless it does represent a chronic exposure study
conducted on ethanedinitrile and minimal effects were observed following a 6
month exposure to ethanedinitrile.

Conclusion

The NOAEL was 25.3 ppm

Environmental fate test data
The applicant has provided four studies in regard to the environmental fate of the active ingredient
ethanedinitrile. These environmental fate studies have been summarised, and the reliability of their
conclusions have been evaluated and presented in Table 35 to Table 38.
It should be noted that all four of the environmental fate studies have been ascribed a Klimisch score
of 3 (results considered unreliable). The EPA does not consider that the studies are scientifically
robust and are therefore unsuitable for hazard classification and risk assessment. The full details of
the EPA’s concerns in regard to the quality of each study are documented in each study summary.
The key overall concern is that the study reports are considered to be of poor quality in terms of their
written standard (ie, poor documentation, reporting, and lack of clarity of experimental procedures).
This then raises questions in relation to the reliability and validity of the studies since there are
uncertainties in regard to how the laboratory tests were performed.
In addition, the studies were not performed to Good Laboratory Practice (GLP). GLP is a quality
system of management controls to ensure the uniformity, consistency, reliability, reproducibility,
quality and integrity of laboratory tests. The EPA data requirements stipulate that “Studies should be
performed to GLP (Good Laboratory Practice). Non-GLP studies will be evaluated on a case-by-case
basis”. The EPA’s preference for studies conducted to GLP is to ensure that any data used for hazard
classification and risk assessment are scientifically robust. Given the non-standard nature of the test
substance, for which most of the OECD guidelines have to be modified to accommodate, the study
reports are not considered to meet acceptability criteria.
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Furthermore, the poor quality of the written reports and the apparent lack of adherence to standard
test protocols caused the EPA to request the raw data (for example, laboratory worksheets or other
records) for these studies in an effort to better understand how they were performed. Raw data (in the
form of the outputs of an excel spreadsheet or written records) were received for some of the studies.
The raw data however did not provide the EPA with sufficient confidence that the studies had been
appropriately performed.
The applicant responded to the EPA’s concerns, and the full text is available as a supporting
document. The EPA’s initial concerns in regard to each study have been outlined in bold in the
commenting section of the study summary tables below, and the key points from the applicant’s
response to these concerns (and a further, final response from the EPA) has been added. However
the overall conclusions remain unchanged.

July 2018

64
Science memo for application to import or manufacture EDN for release (APP202804)

Table 35: Column leaching in soil
Study type

Column leaching

Flag

Disregarded study

Test Substance

Cyanogen

Endpoint

Dissipation half-life

Value

19 minutes (Florida soil), 10 minutes (Spence soil), 6 minutes (Fresno soil)

Reference

Ajwa, H. (2015). Mobility and degradation of cyanogen in soil columns. Performing laboratory: Ajwa Analytical Laboratories,
1514 Moffett Street, Salinas, California 93905. Laboratory study ID: AAL 2015-18. Sponsor: Lučebni zăvody Draslovka a.s.
Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

OECD 312 Guideline recommends applying the test substance in 200 mm of artificial water to leach the soil column. Due to
the fast volatilisation and degradation of cyanogen, it was applied in 150 mm water (3 L per column).

GLP

No

Test Guideline/s

Based on, but not carried out in accordance with, OECD Guideline 312 (which is only applicable to test substances that are
not volatile). Methods used in scientific papers were used to assess the mobility of cyanogen in packed soil columns. It is
stated that several published scientific papers outline procedures to evaluate the mobility of soil fumigants and their
degradation products in packed soil columns (referenced Qin et al., 2009 and 2013).

Dose Levels

1 g (nominal) and 0.91 g (calculated) cyanogen either in gaseous form or dissolved in 1 L water

Analytical measurements

The gas samples were analysed for cyanogen by a high speed gas chromatograph and the liquid samples were analysed
by gas chromatograph-mass selective detector for C2N2 and HCN and by an ion chromatography for NH4.

Study Summary

The mobility and degradation of cyanogen was determined in three different soils: (i) Florida Sandy soil; (ii) Spence
(Chualar) sandy loam; and (iii) Fresno (Panoche) clay loam.
Cyanogen was applied as both a gas and with water into stainless steel columns packed with the three different soil types.
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For cyanogen gas (shank) application, approximately 1 g cyanogen liquid was injected into each soil column at a depth of
41.5 cm. For the water application (drip fumigation), 1 g of cyanogen was dissolved in 1 L of water in a stainless steel
cylinder. The cylinder was pressurised and the water/cyanogen mixture was applied to the top of the soil inside sealed
columns. An additional 2 L of water was applied to induce leaching to the bottom of the column.
Results from the gas applications (shank injection) showed cyanogen dissipates very quickly in soils and the degradation
rate was affected by soil pH. The dissipation half-lives of cyanogen in Florida, Spence and Fresno soils were 19, 10 and 6
minutes, respectively. Results from the gas applications showed that cyanogen is more stable in acidic soils and unstable
in alkaline soils. Leaching the soils with a large amount of water (equivalent to irrigation or rainfall of 15 cm) showed that
cyanogen leaching was negligible in all soils. The degradation products of cyanogen (HCN and NH 4) were measured in the
leachate. The concentrations of the degradation products were less than 30% of the applied cyanogen concentration, even
with the huge amount of leaching water. A normal irrigation event is usually 2 to 3 cm of water, and the amount of leaching
water used in this study was unrealistic but needed to induce/force leaching in a closed system.
Cyanogen application to soil by shank injection or with water by drip fumigation is not likely to pose an environmental
problem. Although large amounts of water used to induce leaching in the column study, less than 30% of the degradation
product relative to the amount of cyanogen applied reached 60 cm depth in a closed system. Leaching of the
decomposition products (HCN and NH4) with irrigation water or with rainfall is not possible under field conditions. Cyanogen
is highly volatile due to its high vapour pressure and low boiling point. It dissipates quickly in soil and from water under field
conditions. Approximately 50% of the degradation products are NH 3/NH4 and CO2. HCN is also volatile and can escape
from the soil or water. If HCN does not volatilise from the soil/water systems, it forms non-toxic and stable complexes and
precipitates in soil.

Commenting

July 2018

EPA’s initial comments

Applicant’s response

Results of this study are considered
unreliable for the reasons listed below

Key points

It is very unclear what the GLP
status of the laboratory carrying out
the experiment was. It appears that
the study was not carried out in
accordance with GLP. The EPA data
requirements stipulate that “Studies
should be performed to GLP (Good

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no

EPA’s final comments

Based on the poor quality of the study
report, the EPA does not consider that
this study has been carried out
according to GLP.
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Laboratory Practice). Non-GLP
studies will be evaluated on a caseby-case basis.”

GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by a
“third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

The OECD 312 test method is not
considered to be applicable to
chemicals that are volatile from soil
and water and thus do not remain in
soil and/or leachate under the
experimental conditions of the test.
Cyanogen is highly volatile and as
such, the applicability of this test
method is questionable. It is
reported in the study however, how
scientific papers for volatile
fumigants were followed in order to
assess the mobility of cyanogen in
packed soil.

The report acknowledges (at pages 9
and 10), that there are no OECD or US
EPA laboratory guidelines that have
been established to evaluate volatile
compounds. The scientific papers cited
in the report (Qin et al., 2007; 2009a;
2009b) developed methods to evaluate
volatile compounds in a closed system.
These peer-reviewed papers were
used as the best available guideline for
a test method.

The EPA accepts the applicant’s
comment.

No reference substance was tested
as is required according to the test
guideline.

That is correct. The OECD Guideline
312 method was developed for nonvolatile compounds. However, there is
no suitable reference substance
(tracer) for such a test. The scientific
papers were followed.

The EPA has concerns in regard to
reliability of the test since no reference
substance was tested.
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The report is not well written which
makes it difficult to determine how
the study was carried out.

That is correct. The procedure followed
is not well written. In addition, for
clarification of the method used,
Attachment 2 (full applicant response
available as a supporting document)
presents the spreadsheets with photos
and captions that describes the
columns, soil packing, and port
numbering. It also contains the raw
data.
A re-written summary of the study was
also provided by the applicant for
clarification and can be found in the full
applicant response (available as a
supporting document).

Although the applicant has provided
photographs of the study being carried
out, raw data and an additional
summary of the study for clarification,
there is no evidence that this summary
has been peer-reviewed or had any
quality control applied to it and can be
relied upon.

Whilst the three test soils vary in
clay content, the soils are not
sufficiently different to meet the
criteria described by OECD
guideline 312.

Three soils were selected for this study
to represent acidic, neutral and
alkaline soils. The OECD Guideline
312 indicates that a varying pH should
be used for ionisable substances.
The degradation of the test substance
is greatly affected by soil pH, and
therefore, three soils with different pH
values (pH 5.5, 7.0 and 7.7) were
selected to represent agricultural soils.
These three pH values are the same
as the OECD Guideline soils 1, 2 and
3 in Table 1 (full applicant response
available as a supporting document).

According to OECD 312 the three test
soils can be grouped into two out of the
five guideline pH categories (5.5 to 7.0
and >7.5). The three test soils have a
very similar organic matter content (all
between 0.5 to 1.5% organic carbon),
a soil property which is also likely to
significantly affect sorption and thus
leaching.

An unrealistic volume of artificial
rain appears to have been applied to

The OECD Guideline 312
recommends that “Artificial rain (0.01
M CaCl2) should be applied

The recommendation for 200 mm over
48 hours already simulates extremely
high rainfall. The artificial rain does not
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Conclusion

the soil columns (1 L plus an
additional 2 L)

continuously to the surface of the soil
columns at a rate of 200 mm over a
period of 48 hours; this rate is
equivalent to an application of 251 ml
for a column with an inner diameter of
4 cm.” The diameter of the column
used in this study was 15.2 cm, and
therefore the volume of water that is
equivalent to a rainfall of 200 mm is
3.6 Lit. In reality, the amount of water
applied was not excessive compared
to the OECD Guideline
recommendation.

appear to have been applied
continuously, as such it appears to be
an excessive amount of rainfall in the
sense that it was applied all at once.

The methodology states that the
“experimental design is described
in the study protocol”, however this
protocol described what will be
done, which does not mean that it
was followed.

Correct. After that sentence, however,
in the following five paragraphs, the
report reiterates that the points in the
Protocol were indeed followed.

Since the study was not carried out in
accordance with GLP, it is not possible
to verify the experimental procedure.

When applied as a gas, dissipation half-lives of cyanogen in Florida, Spence and Fresno soils were determined to be 19,
10 and 6 minutes, respectively. When applied in water cyanogen dissipates quickly in soil and from water.

Table 36: Photolysis in air
Study type

Photolysis in air

Flag

Disregarded study

Test Substance

Cyanogen

Endpoint

Half-life (days)
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Value

150 days at 21.5 ± 2.5°C in the dark and 98 days at 25 ± 2°C under continuous UV light (1500-2500 µw/cm3)

Reference

Ajwa, H. (2015). Photolysis of Cyanogen under UV light (without water). Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID: AAL 2015-13. Sponsor: Lučebni zăvody
Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

-

GLP

No

Test Guideline/s

Photolysis in air was evaluated following procedures published for soil fumigants (Moilanen et al., 1978). OECD Guidelines
111, 116 and 316 were also referenced.

Dose Levels

0.657 mg Cyanogen

Analytical measurements

Gas chromatography

Study Summary

The experiments were performed to determine the rate of cyanogen decomposition in air inside a closed 160-mL bottle.
Cyanogen (0.657 mg) was injected into 160-mL pre-crimped bottles containing ambient air (same atmospheric condition).
The bottles were subject to UV light (1500-2500 µW/cm2) for 28 days at 25 ± 2°C. UV light intensity was achieved with a
Mercury vapour lamp with 200-400 nm (main peaks at 254, 313 and 366 nm). The concentration of cyanogen in the bottle
was analysed at regular intervals by using gas chromatography. A dark control was conducted using similar bottles after
wrapping with aluminium foil and placing them in a dark box at a similar temperature (21.5 ± 2.5°C) as the exposed bottles.

Commenting

July 2018

EPA’s initial comments

Applicant’s response

Results of this study are considered
unreliable for the reasons listed below

Key points

The study was not carried out in
accordance with GLP. The EPA data
requirements stipulate that “Studies
should be performed to GLP (Good
Laboratory Practice). Non-GLP

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is

EPA’s final comments

Based on the poor quality of the study
the EPA does not consider that this
study has been carried out according
to GLP.
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studies will be evaluated on a caseby-case basis.”

being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by a
“third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

The report is not well written which
makes it difficult to determine how
the study was carried out. The
layout is very difficult to follow as
there are numerous appendices
within appendices.

That is correct. The procedure followed
is not well written.

There appear to be references to
OECD test guidelines which are
incorrect e.g. the first sentence on
page 26 suggests that the study
followed OECD 216, which is the
test for nitrification.

The Protocol contained a typo about
referencing OECD guidelines. This
was corrected in the final report.

Reference to OECD 216 in the study
report is accepted as a typo. Written
quality and standard of the study report
is poor.

No degradation products were
identified.

In this study, the test substance was
stable as gas inside a closed bottle
over a long period of time. The
objective of this study is to evaluate

The EPA considers the photolysis
study results lacking since only a direct
photolysis rate was calculated and that
no further information regarding

A re-written summary of the study was
also provided by the applicant for
clarification and can be found in the full
applicant response (available as a
supporting document).

Although the applicant has provided a
further summary of the study for
clarification, there is no evidence that
this has been peer-reviewed or had
any quality control applied to it and can
be relied upon.
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Head-space not specified.

Conclusion

the degradation rate of gaseous form
of the test material. Less than 15% of
the EDN degraded over 28 days. With
such a low degradation rate of the test
material and fast degradation rate of
by-products, it is difficult to identify the
by-products.

degradation products and their
identities, concentrations and rates of
formation were identified in order to
help assess the overall environmental
transformation and transport of EDN.

The entire bottle was gas. There was
no liquid in the bottle so the entire
volume of the bottle is headspace. The
other two studies were hydrolysis (AAL
2015-12-Hydrolysis) were in water.

Clarification that the entire bottle was
gas and no liquid in the bottle is
accepted.

The half-life of cyanogen was 150 days at 21.5 ± 2.5°C in the dark and 98 days at 25 ± 2°C under continuous UV light
(1500-2500 µW/cm3)

Table 37: Hydrolysis (in the dark)
Study type

Hydrolysis

Flag

Disregarded study

Test Substance

Cyanogen

Endpoint

Half-life (days)
70 days (in the dark at pH 4.0 and 10°C)
4.3 hours (in the dark at pH 7.0 and 10°C)

Value

50 minutes (in the dark at pH 7.0 and 23°C)
6 minutes (in the dark at pH 9.0 and 10°C)
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Reference

Ajwa, H. (2015). Effect of pH on hydrolysis of cyanogen in the dark. Performing laboratory: Ajwa Analytical Laboratories,
1514 Moffett Street, Salinas, California 93905. Laboratory study ID: AAL 2015-12-A. Sponsor: Lučebni zăvody Draslovka
a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: May 22, 2015.

Klimisch Score

3 (unreliable)

Amendments/Deviations

OECD 111 states that this “method is generally applicable to chemical substances (unlabelled or labelled) for which an
analytical method with sufficient accuracy and sensitivity is available. It is applicable to slightly volatile and non-volatile
compounds of sufficient solubility in water. The test should not be applied to chemicals that are highly volatile from water
(e.g. fumigants, organic solvents) and thus cannot be kept in solution under the experimental conditions of this test.”
However, the OECD 316 Guideline suggest using the headspace measurements for highly volatile compounds such as
fumigants. In this case, the OECD 316 Guideline suggested using minimal head-space and adequate sealing in the
photolysis cells to minimise volatile losses during the study.

GLP

No

Test Guideline/s

OECD 111 and OECD 316 Guidelines

Dose Levels

2.19 mg Cyanogen

Analytical measurements

Micro-GC analysis
Cyanogen was spiked in pH 4.0 (5 mM Potassium Acid Phthalate), pH 7.0 (5 mM Potassium Phosphate MonobasicSodium Hydroxide), and pH 9.0 (Potassium Borate-Potassium) aqueous buffer solutions at a concentration of 0.42 mM and
kept in the dark to determine the half-lives at 10 ± 1, 21 ± 1, and 40 ± 1°C and to find whether hydrolysis is an important
degradation route from an environmental standpoint.

Study Summary

Cyanogen is stable in solutions at low pH and low temperature in the dark. Under those conditions the half-life can be over
70 days. Cyanogen becomes unstable when the solution pH increases. In pH 7.0 and pH 9.0 solutions, the half-life
becomes 4.3 hours and 6 minutes at 10°C, respectively. High temperatures can also promote cyanogen hydrolysis. At
23°C, the half-life of cyanogen is 50 min at pH 7.0 compared to 4.3 hours at 10°C.
These data show that hydrolysis in the dark will be an important route of degradation for cyanogen in water that has a
neutral or basic pH. In surface water cyanogen escapes to the atmosphere. In groundwater, degradation is expected to be
fast if the pH is neutral or alkaline. The final degradation product in groundwater that has a neutral or alkaline pH is
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expected to be non-toxic to the environment. The degradation products in closed water system were identified and
quantifies, and are discussed in the hydrolysis study report below.

Commenting

July 2018

EPA’s initial comments

Applicant’s response

EPA’s final comments

Results of this study are considered
unreliable for the reasons listed below

Key points

The document is not logically laid
out and we cannot understand how
the studies were carried out. There
appears to be numerous reports in
the document and the references for
some of the reports appear after
other reports.

A re-written summary of the study was
also provided by the applicant for
clarification and can be found in the full
applicant response available as a
supporting document.

Although a further summary of the
study is provided by the applicant,
there is no evidence this was peerreviewed or has been through any form
of quality control and does not change
the fact that the original report was
poor quality.

The study was not carried out in
accordance with GLP. The EPA data
requirements stipulate that “Studies
should be performed to GLP (Good
Laboratory Practice). Non-GLP
studies will be evaluated on a caseby-case basis.”

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by a
“third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International

Based on the poor quality of the study
the NZ-EPA does not consider that this
study has been carried out according
to GLP.
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Accreditation New Zealand
(http://www.ianz.govt.nz).

July 2018

Given the fast rates of hydrolysis
determined, degradation products
should be identified.

An additional explanation was provided
by the applicant for clarification and
can be found in the full applicant
response available as a supporting
document.

The explanation provided by the
applicant appears plausible.

OECD Guideline 316 is not
applicable to highly volatile
compounds such as fumigants but
may still be applicable provided that
precautions were taken and
adequately explained and justified.

That is correct, but this method was
modified as described in the protocol
to accommodate volatile compounds.
There are no other lab methods for
volatile fumigants.

Applicant’s comments accepted.

Head-space not specified.

Headspace is easily calculated. As
stated on page 12 of the report, “100g
of a pH buffered solution (pH 4.0, 7.0,
9.0) was placed in a 120-mL
borosilicate amber bottle.” 100 mL of
solution was added to a 120-mL bottle
and the bottle was crimp-sealed. The
weight of the water in the 120 mL full
bottle was 120 g at 20°C. So, the
headspace is 20 mL (assuming water
density ~1 g/mL).

Head space calculation accepted but
this should have been documented in
the original report.

No degradation products were
identified.

See response above to your question:
“Given the fast rates of hydrolysis
determined, degradation products
should be identified.”

The EPA considers the hydrolysis
study results inadequate since only a
hydrolysis rate was calculated and that
no further information regarding
degradation products and their
identities, concentrations and rates of
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formation were identified in order to
help assess the overall environmental
transformation and transport of EDN. It
is understood that the nature of the test
substance increases the complexity of
determining degradation products.

Conclusion

The Q.A. inspection (page 4) was
signed off on 20 May 2015, yet the
final report was not prepared until
22 May 2015.

The study completion date was
incorrectly entered as the date for the
final report inspection and
management review. The final report
inspection by QA was 20 May 2015.

Incorrect dates entered are
unacceptable. Written quality of the
study report is poor.

OECD 216 is again referenced which
appears to be a mistake.

The Protocol contained a typo. It
should have been referencing OECD
Guideline 316: Phototransformation of
Chemicals in Water – Direct
Photolysis. This was corrected in the
final report.

Reference to OECD 216 in the study
report is accepted as a typo. Written
quality of the study report is poor.

Cyanogen is stable in solutions at low pH and low temperature in the dark. At higher pH values and low temperature
cyanogen becomes unstable. High temperatures also promoted hydrolysis of cyanogen. Hydrolysis in the dark is an
important route of degradation for cyanogen in water that has a neutral or basic pH.

Table 38: Hydrolysis (under UV light)
Study type

Hydrolysis

Flag

Disregarded study

Test Substance

Cyanogen

Endpoint

Half-life (days)

Value

26 days (under UV light at pH 4.0 and 10°C)
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2 hours (under UV light at pH 7.0 and 10°C)
48 minutes (under UV light at pH 7.0 and 23°C)
6 minutes (under UV light at pH 9.0 and 10°C)

Reference

Ajwa, H. (2015). Effect of pH on hydrolysis of cyanogen under UV light. Performing laboratory: Ajwa Analytical
Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID: AAL 2015-12-B. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

OECD 111 states that this “method is generally applicable to chemical substances (unlabelled or labelled) for which an
analytical method with sufficient accuracy and sensitivity is available. It is applicable to slightly volatile and non-volatile
compounds of sufficient solubility in water. The test should not be applied to chemicals that are highly volatile from water
(e.g. fumigants, organic solvents) and thus cannot be kept in solution under the experimental conditions of this test.” In this
case, the OECD 316 Guideline suggested using minimal head-space and adequate sealing in the photolysis cells to
minimise volatile losses during the study.

GLP

No

Test Guideline/s

OECD 111 and OECD 316 Guidelines

Dose Levels

0.42 mM cyanogen

Analytical measurements

Micro-GC analysis

Study Summary

Cyanogen was spiked in pH 4.0 (5 mM Potassium Acid Phthalate), pH 7.0 (5 mM Potassium Phosphate MonobasicSodium Hydroxide), and pH 9.0 (Potassium Borate-Potassium) aqueous buffer solutions at a concentration of 0.42 mM and
kept under UV light (2500-5000 µW/cm2) to determine the half-lives at 10 ± 1, 21 ± 1, and 40 ± 0.5°C and to find whether
hydrolysis under UV is an important degradation route.
Cyanogen is stable in pH aqueous solution at 10 ± 1°C under UV light with a half-life of 26 days. At 10°C, half-life
decreases from two hours in pH 7.0 solution to 6 minutes in pH 9.0 solution. High temperatures can also promote cyanogen
hydrolysis. At 23°C, the half-life of cyanogen is 48 minutes at pH 7.0 compared to two hours at 10°C.
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Carbon dioxide, HCN, and NH4/NH3 are the main hydrolysis products. However, HCN seems to degrade at slower rates
than HOCN, but is not expected to persist in water. HCN has a high tendency to escape from surface water and converts
into CO2 in closed water systems (such as groundwater).
EPA’s initial comments

Applicant’s response

Results of this study are considered
unreliable for the reasons listed below

Key points

The study was not carried out in
accordance with GLP. The data
requirements stipulate that “Studies
should be performed to GLP (Good
Laboratory Practice). Non-GLP
studies will be evaluated on a caseby-case basis.”

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by a
“third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

Based on the poor quality of the study
the EPA does not consider that this
study has been carried out according
to GLP.

Poor quality written report.

This study consists of two parts:
Hydrolysis in the dark and in the light.
Please see reply above.

The written standard of study report is
considered poor.

Commenting
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EPA’s final comments
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Conclusion

July 2018

OECD Guideline 316 is not
applicable to highly volatile
compounds such as fumigants but
may still be applicable provided that
precautions were taken and
adequately explained and justified.

This study consists of two parts:
Hydrolysis in the dark and in the light.
Please see reply above.

Applicant’s comment accepted

Head-space not specified.

Headspace is easily calculated. As
stated on page 13 of the report, 133
mL of a pH buffered solution was
placed in a 160-mL borosilicate bottle.
133 mL of solution was added to a
160-mL bottle and the bottle was
crimp-sealed. The weight of the water
in the 133 mL full bottle was 133 g at
20oC. So, the headspace is 27 mL
(assuming water density ~1 g/mL).

Head space calculation accepted but
should have been documented in the
original report.

No degradation products were
identified.

This study consists of two parts:
Hydrolysis in the dark and in the light.
Please see reply above.

The NZ-EPA considers the hydrolysis
(under UV light) study results
inadequate since only a hydrolysis rate
was calculated and that no further
information regarding degradation
products and their identities,
concentrations and rates of formation
were identified in order to help assess
the overall environmental
transformation and transport of EDN. It
is understood that the nature of the test
substance increases the complexity of
determining degradation products.

Cyanogen is stable in solutions at low pH and low temperature under UV light. At higher pH values and low temperature
cyanogen becomes unstable. High temperatures also promoted hydrolysis of cyanogen. Hydrolysis under UV light is an
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important route of degradation for cyanogen in water that has a neutral or basic pH. At pH 4.0 and 7.0 and at 10°C
cyanogen degrades faster under UV light than in the dark. Degradation occurs at a similar rate at pH 7.0 at 23°C and under
basic conditions (pH 9.0, 10°C).
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Environmental fate literature
Some reference to scientific literature has been made by the applicant to support their application.
This literature has been listed, and the purpose for the literature reference has been outlined in Table
39 below. It should be noted that Klimisch scores have not been assigned to these journal articles and
their reliability has not been assessed. The information from this scientific literature is used as
supporting information and is not relied upon in the environmental risk assessment.

Table 39: Environmental fate scientific literature references and purpose
Reference

Purpose for reference

Atkinson, R. (1989). Kinetics and
mechanisms of the gas-phase
reactions of the hydroxyl radical
with organic compounds. Journal
of Physical and Chemical
Reference Data., Monograph 1.

The reaction of cyanogen with hydroxyl radical is very slow, with
residence time for reaction with hydroxyl radical approximately 25 years.

Hughes et al. (2012). An updated
state of the science EQC model
for evaluating chemical fate in the
environment: Application to D5
(decamethylcyclopentasiloxane).
Chemosphere., 87, 118-124.

General information in regard to the EQuilibrium Criterion (EQC) model
and updates. The EQC model is a fugacity-based model that estimates
partitioning and distribution of a chemical in the environment.

Lary, D.J. (2004). Atmospheric
pseudohalogen chemistry.
Atmospheric Chemistry and
Physics Discussions., 4, 53815405.

Used to explain that ethanedinitrile does not deplete ozone. “If Cl or Br
atoms reacted with O2 in a similar way to CN, there would be no ozone
loss. So the CN radical behaves in a crucially, very different manner to
the halogens, preventing it from participating in an efficient ozone loss
cycle”.

Martinez et al. (2010). Hydroxyl
radicals in the tropical troposphere
over the Suriname rainforest:
airborne measurements.
Atmospheric Chemistry and
Physics., 10, 3759-3773.

Measurement of hydroxyl radicals (OH) over a tropical rainforest

Wegmann et al. (2009). The
OECD software tool for screening
chemicals for persistence and
long-range transport potential.
Environmental Modelling and
Software., 24, 228-237.

Background information in regard to the OECD Pov (overall persistence)
and Long Range Transport Potential (LRTP) screening tool.

Yngard et al. (2008). Ferrate (VI)
Oxidation of Weak-Acid
Dissociable Cyanides.
Environmental Science and
Technology., 42, 3005-3010.

A possible degradation pathway of cyanogen is hydrolysis in the
atmosphere. Cyanogen reacts with water to yield hydrogen cyanide and
cyanic acid (HOCN).

Environmental fate modelling
Environmental fate modelling using the EQuilibrium Criterion (EQC) model, OECD Pov (overall
persistence) and long-range transport (LRTP) screening tool and Atmospheric Oxidation Program
July 2018

81
Science memo for application to import or manufacture EDN for release (APP202804)

(AOPWIN) model was performed by the applicant and the main results have been summarised in
Table 40 to Table 42 below.

Table 40: EQuilibrium Criterion (EQC) modelling
Model

EQuilibrium Criterion (EQC) model

Model description

The EQuilibrium Criterion (EQC) model uses chemical-physical properties to
quantify a chemical’s behaviour in an evaluative environment. The model is
useful for establishing the general features of a chemical’s behaviour ie, the
media into which the chemical will tend to partition, the primary loss
mechanism and its tendency for intermedia transport.

Reference

Beníšek, M. Use of EQC Model for investigation of environmental fate and
transport of ethanedinitrile (EDN) to various environmental compartments.
Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech
Republic.

Conclusion

Most ethanedinitrile (almost 100%) remains in air, and only a minor amount is
transported to water (0.000125%), soil or sediment (0.0048%).

Table 41: OECD Long-Range Transport Potential (LRTP) modelling
Model

OECD Long-Range Transport Potential (LRTP) model

Model description

OECD POV (overall persistence) and Long-Range Transport Potential (LRTP)
screening tool is used to study the fate and transport of an organic chemical.
The model was specifically designed to help identify potential persistent
organic pollutants (POPs). The model outputs are overall persistence (POV),
characteristic travel distance (CTD, km) and transport efficiency (TE, %). The
chemical’s fractions that are contained in soil, water and air are determined.

Reference

Beníšek, M. Use of OECD LRTP Model for investigation of environmental fate
and transport of ethanedinitrile (EDN) to various environmental compartments.
Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech
Republic.
Overall persistence (POV) time is 98 days (based on persistence time in air)
and the characteristic travel distance (CTD) is 32 868 km.
Emission to air
When there is emission of ethanedinitrile to air only, most of the compound
(99.96%) remains in air and only 0.03% is transported to water and only
0.01% is transported to soil. Thus, ethanedinitrile is transported long
distances, however, remains mostly in air.

Summary

Emission to water
When there is emission of ethanedinitrile to water only, 61% of ethanedinitrile
remains in water and 39% is emitted to air. There is no ethanedinitrile
transported to soil in this case. Thus, when ethanedinitrile is emitted to water,
most of ethanedinitrile remains in water, however, a substantial amount of the
compound is also transported to air.
Emission to soil
In case of emission of ethanedinitrile to soil, most of the compound is emitted
to air (97.53%), and only minor amounts remain in soil (2.43%). Only a
negligible amount is transported to water in this case (0.03%). In conclusion
when ethanedinitrile is emitted to soil, most of the chemical is transported to
air.
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Conclusion

When there is emission of ethanedinitrile to air only as in our case during
fumigation of timber, most of the compound (99.96%) remains in air and only
0.03% is transported to water. The compound is only negligibly transported to
soil in this case (0.01%). This shows that exposure of water and soil
compartments are negligible during fumigation of timber. The absence in the
soil department is caused by extremely low bioaccumulation potential of
ethanedinitrile (log Kow = 0.07). Ethanedinitrile does not have physiochemical
characteristics leading to bioaccumulation in the fatty tissues of organisms and
bioaccumulation across the food web thus it cannot be a persistent organic
pollutant (POP) according to the Stockholm Convention (UN, 2011).

Table 42: AOPWIN Model
Model

Atmospheric Oxidation Program (AOP) model

Model description

Estimates the gas-phase reaction rate for the reaction between the most
prevalent atmospheric oxidant, hydroxyl radicals, and a chemical. Gas-phase
ozone radical reaction rates are also estimated for olefins and acetylenes. In
addition, AOPWINTM informs the user if nitrate radical reaction will be
important. Atmospheric half-lives for each chemical are automatically
calculated using assumed average hydroxyl radical and ozone concentrations.

Reference

Beníšek, M. Atmospheric oxidation potential of ethanedinitrile as determined
by program AOPWIN. Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605,
280 99 Kolín, Czech Republic.

Conclusion

According to this model, ethanedinitrile does not react with hydroxyl radicals in
the atmosphere. These data are in agreement with literature data of
experimental studies, where the reaction of cyanogen with hydroxyl radical is
very slow, with residence time for reaction with hydroxyl radical about 25 years
(ATSDR, 2006).

Environmental fate reviews
The U.S. Department of Health and Human Services Agency for Toxic Substances and Disease
Registry (ATSDR) and European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC)
review documents for cyanide were provided by the applicant and have been very briefly summarised
in Table 43 and Table 44.

Table 43: Agency for Toxic Substances and Disease Registry (ATSDR)
Review

Toxicological profile for cyanide

Reference

Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological
profile for cyanide. Section 6: Potential for human exposure. U.S. Department
of Health and Human Services. July 2006. Pp 153-186.

Summary

The ATSDR toxicological profile for cyanide characterises the toxicological
and adverse health effects information for cyanides. Section 6 (potential for
human exposure) is of some relevance for the environmental risk assessment
and discusses the environmental fate of cyanide in regard to transport and
partitioning as well as transformation and degradation in the air, water,
sediment, and soil.
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Table 44: European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC)
review of cyanides
Review

Cyanides of Hydrogen, Sodium and Potassium, and Acetone Cyanohydrin
(Volume I and Volume II)

Reference

European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC).
Cyanides of Hydrogen, Sodium and Potassium, and Acetone Cyanohydrin.
Volume I. JACC No. 53. September 2007.

Summary

This ECETOC document presents a critical evaluation of the toxicity and
ecotoxicity data on hydrogen cyanide (HCN), sodium and potassium cyanides
(NaCN and KCN) and acetone cyanohydrin (ACH). In regard to ecotoxicity it is
concluded that aquatic organisms (fish, invertebrates and algae) are very
sensitive to cyanides. In the laboratory, concentrations as low as a few µg/L
were found to be toxic. Water birds survived higher concentrations.

Ecotoxicity study summaries
The applicant has provided twelve studies in regard to the ecotoxicity of the ethanedinitrile. These
studies have been summarised, and the reliability of their conclusions have been evaluated and
presented in Table 45 to Table 56.
It should be noted that the first eight ecotoxicity studies have been ascribed a Klimisch score of 3
(results considered unreliable). As explained in the environmental fate section above, the EPA does
not consider that the studies are scientifically robust and therefore are unsuitable for hazard
classification and risk assessment. The full details of the EPA’s concerns in regard to the quality of
each study are documented in each study summary.
As for the environmental fate studies, the key overall concern is that the study reports are considered
to be of poor quality in terms of their written standard (ie, poor documentation, reporting, and lack of
clarity of experimental procedures). This then raises questions in relation to the reliability and validity
of the studies since there are uncertainties in regard to how the laboratory tests were performed.
In addition, the ecotoxicity studies were also not performed to GLP. GLP is a quality system of
management controls to ensure the uniformity, consistency, reliability, reproducibility, quality and
integrity of laboratory tests. The EPA data requirements stipulate that “Studies should be performed to
GLP (Good Laboratory Practice). Non-GLP studies will be evaluated on a case-by-case basis”. The
EPA’s preference for studies conducted to GLP is to ensure that any data used for hazard
classification and risk assessment are scientifically robust. Given the non-standard nature of the test
substance, for which most of the OECD guidelines have to be modified to accommodate, the study
reports are not considered to meet acceptability criteria. A critical concern for all of the ecotoxicity
studies is that there is no reliable exposure estimate since the actual concentrations of ethanedinitrile
that the organisms were exposed to was not measured. Given the volatile nature of the substance,
this is considered a significant limitation of these studies.
Furthermore, the poor quality of the written reports and the apparent lack of adherence to standard
test protocols caused the EPA to request the raw data (for example, laboratory worksheets or other
records) for these studies in an effort to better understand how they were performed. Raw data (in the
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form of the outputs of an excel spreadsheet or written records) were received for some of the studies.
The raw data did not however provide the EPA with sufficient confidence that the studies had been
appropriately performed.
The applicant responded to the EPA’s concerns, and the full text is available as a supporting
document. The EPA’s initial concerns in regard to each study have been outlined in bold in the
commenting section of the study summary tables below, and the key points from the applicant’s
response to these concerns (and a further, final response from the EPA) has been added. However
the overall conclusions remain unchanged.
No responses from the applicant were received for the three ecotoxicity studies carried out by the
EMPLA laboratory.
The other four ecotoxicity studies were considered to be of a suitable scientific standard.
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Table 45: Earthworm acute toxicity test
Study type

Earthworm, acute toxicity test

Flag

Disregarded study

Test Substance

Cyanogen (C2N2)

Endpoint

14-day LC50

Value

5 mg/kg

Reference

Ajwa, H. (2015). Earthworm acute toxicity tests (artificial soil test) for cyanogen (C 2N2) using OECD 207 test method.
Performing laboratory: Ajwa Analytical Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID:
AAL 2015-15. Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed:
May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

Based on OECD 207

Dose Levels

0.01, 0.10, 1.0, 10, 100 and 1000 mg C2N2/kg (nominal)

Analytical measurements

None

Study Summary

Since there are major issues with this report (as described in the comments sections below), and the study was given a
Klimisch score of 3 (not reliable) no further evaluation of the study was carried out.

Commenting

July 2018

EPA’s initial comments

Applicant’s response

Results of this study are considered
unreliable for the reasons listed below

Key points

The study was not carried out in
accordance with GLP. The EPA
data requirements stipulate that

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment

EPA’s final comments

Based on the poor quality of the study
and the written report, the EPA does
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“Studies should be performed to
GLP (Good Laboratory Practice).
Non-GLP studies will be evaluated
on a case-by-case basis.”

1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by
a “third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation- New Zealand
(http://www.ianz.govt.nz).

not consider that this study has been
carried out according to GLP.

No reference substance (e.g.
chloracetamide) test was used to
assure that laboratory test
conditions are adequate.

That is correct. The OECD 207
guidelines suggests that “The LC50 of
a reference substance should be
determined occasionally as a means
of assuring that the laboratory test
conditions are adequate and have not
changed significantly. A suitable
reference substance is
chloracetamide.” However,
chloracetamide is suitable for the filter
paper test and not suitable for the
large artificial soil test.

Applicant’s response accepted

Chloracetamide is non-volatile and it
does not represent the test substance,
which is highly volatile. The test
system was validated with
Chloropicrin soil fumigant that has a
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known LC50 for earthworms
(Earthworms Acute 14 day LC50 38
mg/kg).

July 2018

There is no mention in the report of
measurement of the actual
cyanogen dose levels that the
earthworms were exposed to. Only
the nominal values have been
reported. There is insufficient detail
in the method in relation to the
application of cyanogen.

An additional explanation was
provided by the applicant for
clarification and can be found in the
full applicant response available as a
supporting document.

The nominal concentrations are
typically considered to be sufficient if
there is a control. Given that
ethanedinitrile is a non-standard test
item since it was applied as a gas, it is
arguably more important that the
concentration of ethanedinitrile that
the earthworms were exposed to was
measured.

The earthworms are described as
being adult but their age is not
reported ie, greater than two
months old.

We obtained live earthworms from a
commercial worm supplier as noted in
the report. Age and breeding
conditions were provided by the
supply source.

Age of the earthworms used in the
test remains unknown and was not
reported. When the age and breeding
conditions are known these should be
detailed in the report.

Individual weights of earthworms
(assuming “gm” means grams) are
not between 300 and 600 mg (as
specified by OECD Guideline 207)
as they are reported to weigh
between 2.33 gm to 3.09 gm.

The weight of 10 earthworms was ~3
gm (3000 mg/10 worms). See report
Table 5 (full applicant response
available as a supporting document).

The weight of the earthworms appears
to be on average approximately 300
mg

The time that the earthworms were
exposure to cyanogen is
questionable. Although a 14-day
LC50 is reported, in the
methodology it states that
“containers were incubated for 24
hours” and that the “containers
were ventilated after 24 hours

That is correct that the earthworms
were not exposed to cyanogen for 14
days. The closed test system for these
volatile gaseous fumigants must be
ventilated to allow oxygen and prevent
suffocation of living organisms. All
treated jars were ventilated 24 h after
application. Jars were opened 12

If the earthworms were not exposed to
ethanedinitrile for 14 days, a 14-day
LC50 should not have been reported.
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under a fume hood”, which
suggests that the earthworms were
not exposed to cyanogen for 14
days.

hours following ventilation to count the
number of live and dead earthworms.
After counting, all materials were
replaced in the jars and they were
maintained under the light at room
temperature with adjustments to soil
moisture as necessary. Mortality was
recorded again at 7 and 14 days.

The breeding conditions of the test
earthworms is unknown.

We obtained live earthworms from a
commercial worm supplier as noted in
the report. Age and breeding
conditions were provided by the
supply source.

When known the age and breeding
conditions should be detailed in the
report.

No indication of the amount of
headspace in the test vessels is
given ie, for a gas, if the headspace
is too large then the exposure of
earthworms in the soil is unknown.

Absolutely correct. Total pore space
inside the jar should be been stated in
the report. The description in the
protocol lacks the total pore space.
However, each jar (1000 mL)
contained 500 g of artificial soil
adjusted to 30% moisture content by
weight. Total air space (headspace
plus porosity) in the filled 1 Lit jar was
~350 mL of air. This pore space
volume was determined as the
difference between the weight of the
jar plus moist soil and the weight of
the jar plus moist soil plus water to fill
the jar to the top.

Comment accepted. Unclear why
these experimental details were
omitted from the original report.

Standard of scientific writing and
reporting is poor. For example,
under the summary, introduction
and “composition of artificial soil”

OK. Thank you for the clarification.

Comment accepted by the applicant.
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headings it is stated that “soil
moisture was maintained at 35%”
(as is specified by OECD Guideline
207), however the soil moisture
content at day 14 ranges from 35.75
to 38.99%. This would typically be
written as an average and standard
deviation. “The final average soil
moisture content was 37%.”
The Quality Assurance (QA) was
signed off two days before the Final
Report. These should have the
same date (at least).

Conclusion

The study completion date was
incorrectly entered as the date for the
final report inspection and
management review. The final report
inspection by QA was 20 May 2015.

Incorrect dates reported are
unacceptable. Quality of the study
report is poor and contains mistakes.

Cyanogen is toxic to earthworms at the tested concentrations of 10, 100 and 1000 mg/kg 1 (100% mortality). Cyanogen is
not toxic to earthworms at the tested concentrations of 0.01, 0.1 and 1.0 mg/kg (100% mortality). The 14-day LC50 for the
earthworm (Eisenia foetida) was determined to be 5 mg/L.
These conclusions are considered to be unreliable however, given the issues identified with the way the study has been
performed.

Table 46: Vegetative vigour test
Study type

Vegetative vigour test

Flag

Disregarded study

Test Substance

Cyanogen (C2N2)

Endpoint

Estimated 24-hr LC50
0.1 to 6.1 mg C2N2 /L air, depending on plant species; these are detailed below.

Value

0.6 mg C2N2/L air (bean); 5.5 mg C2N2/L air (bell pepper); 6.0 mg C2N2/L air (cabbage); 0.9 mg C2N2/L air (carrot); 0.9
mg C2N2/L air (corn), 0.1 mg C2N2/L air (cucumber); 0.6 mg C2N2/L air (lettuce); 5.5 mg C2N2/L air (onion); 6.0 mg C2N2/L
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air (ryegrass); 6.1 mg C2N2/L air (spinach); 0.6 mg C2N2/L air (strawberry); 0.6 mg C2N2/L air (tomato); 5.9 mg C2N2/L air
(wheat).

Reference

Ajwa, H. (2015). Terrestrial plant test: vegetative vigor test for cyanogen (C 2N2) study using OECD 227 test method.
Performing laboratory: Ajwa Analytical Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID:
AAL 2015-14. Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed:
May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

OECD Guideline 227

Dose Levels

0.01, 0.10, 1.0, 10, 100 and 1000 mg C2N2/L air (nominal)

Analytical measurements

None

Study Summary

Since there are major issues with this report (as described in the comments sections below), and the study was given a
Klimisch score of 3 (not reliable) no further evaluation of the study was carried out.

Commenting

EPA’s initial comments

Applicant’s response

Results of this study are considered
unreliable for the reasons listed below

Key points

July 2018
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The study was not carried out in
accordance with GLP. The EPA
data requirements stipulate that
“Studies should be performed to
GLP (Good Laboratory Practice).
Non-GLP studies will be evaluated
on a case-by-case basis.”

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by
a “third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

Based on the poor quality of the study
the EPA does not consider that this
study has been carried out according
to GLP.

Whether any of the plants used in
the experiment (grown to stage 2to 4- true leaf stage) displayed any
visible phytotoxic effects (e.g.
chlorosis, necrosis, wilting, leaf
and stem deformation) before
exposure to cyanogen was not
reported.

Only healthy plants were selected for
this study.

Applicant’s response accepted but
should have been detailed in the
report.
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That “All seedlings were
transferred to larger plots after one
week following fumigation for
proper growth and development” is
not acceptable as this probably
influenced the plant growth.

OECD Guideline 227 indicates that
“The pots must be large enough to
allow normal growth and, limit overlap
of leaves among plants. “ Larger
containers with the same soil mixture
were used to ensure normal growth
for all seedlings, including the
controls.

It is considered unacceptable that the
plants were transferred to larger pots
during the experiment. This is likely to
have influenced the experimental
results.

The rate of application of the test
substances were not confirmed by
analytical verification.

The application was performed using
calibrated syringes. However, no
actual readings were taken after
application.

Applicant’s response accepted.

No NOEC value is reported. EPA
staff are assuming that the LOEC
values are 0.1 mg/L for all species
except cucumber which is 0.01
mg/L.

Please see EC calculations below (full
applicant response available as a
supporting document).

Comment not directly answered.
Further EC calculations were provided
by the applicant.

The rationale for the choice of
some plant species (which are not
standard test species) has not been
reported.

We selected eight species that are
recommended in the OECD Guideline
227. The sponsor wanted to test
additional common plant species
found in fumigated agricultural
regions.

Applicant’s response accepted but
selection of plant species should have
been justified in the original study
report.

The daily photoperiods for the
study have not been reported.

The plants were grown under good
horticultural practices at the
USDAARS/University of CaliforniaDavis greenhouse in Salinas,
California. Records can be obtained.

Records have not been provided.
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The Quality Assurance (QA) was
signed off two days before the Final
Report. These should have the
same date (at least).

The study completion date was
incorrectly entered as the date for the
final report inspection and
management review. The final report
inspection by QA was 20 May 2015.

Incorrect dates are not considered
acceptable.

It is very unusual to report the
results of a vegetative vigour test in
terms of the LC50. The test protocol
itself is confusing in that the scope
and the objective discuss a LC50
while the experimental design
described the EC50. These values
should be reported in terms of the
ECx/ERx as per the test guidelines.

An additional explanation was
provided by the applicant for
clarification and can be found in the
full applicant response (available as a
supporting document).

EC50 values have been calculated and
an additional summary provided. This
should have been done in the original
study report however.

Based on the fact that the study
observed that exposure levels
above 0.1 mg/L were toxic for all
seedlings a range finding test
should have been carried out
before this experiment rather than
testing up to 1000 mg/L which is
several orders of magnitude above
the LC50 effectively providing
information that is not helpful.

Please see above (ie, the additional
explanation in the full applicant
response available as a supporting
document).

Comment remains unanswered.
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At each dose there should be at
least four replicates with 20 plants
in total so at least five plants per
replicate. It is not completely clear
from the report, however, our
understanding is that only three
plants were used per treatment
dose all of which were in the same
treatment pot.

Please see above (ie, the additional
explanation in the full applicant
response available as a supporting
document).

Comment not directly answered.

All of the control tomato plants
appear to be “missing”. It is unclear
how any conclusions could be
drawn for tomatoes.

The control tomato plants went
missing when transported to the
greenhouse.

It is considered unacceptable that the
control tomato plants went missing
whilst being transported to the
greenhouse.

The control lettuce plants were
reported as having been killed by
an insect pest. It is unclear how any
conclusions could be drawn for
lettuce.

Please see above (ie, the additional
explanation in the full applicant
response available as a supporting
document).

Comment not addressed.

There is only graphical display of
the dose response data for cabbage
not any of the other plant species.

Please see above (ie, the additional
explanation in the full applicant
response available as a supporting
document).

Comment is not directly addressed.

OECD 216 is referenced which
appears to be a mistake.

Yes.

Comment accepted by the applicant.
The written standard of the study
report is of poor quality and contains
mistakes.

The units in Table 5 and 6 are
mg/kg presumably this is a mistake
and they should be mg/L.

Yes.

Comment accepted by the applicant.
The written standard of the study
report is of poor quality and contains
mistakes.
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Conclusion

Exposure level above 0.1 mg C2N2/L air was toxic for all seedlings. For cucumber the effects were observed at a lower
exposure level (at 0.01 mg C2N2/L air).
These conclusions are considered unreliable however, given the issues with the way the study has been performed.

Table 47: Soil-microorganism carbon transformation
Study type

Soil-microorganism carbon transformation

Flag

Disregarded study

Test Substance

Cyanogen (C2N2)

Endpoint

No endpoint reported, see general conclusion below

Value

No value reported, see general conclusion below

Reference

Ajwa, H. (2015). Soil microorganism-carbon transformation for cyanogen (C2N2) study using OECD 217 test method.
Performing laboratory: Ajwa Analytical Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID:
AAL 2015-10. Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed:
May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

OECD Guideline 217

Dose Levels

667 mg/kg and 3333 mg/kg (nominal)

Analytical measurements

Gas chromatography (GC)

Study Summary

Since there are major issues with this report (as described in the comments sections below), and the study was given a
Klimisch score of 3 (not reliable) no further evaluation of the study was carried out.

Commenting

EPA’s initial comments
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Results of this study are considered
unreliable for the reasons listed below

Key points

The study was not carried out in
accordance with GLP. The EPA
data requirements stipulate that
“Studies should be performed to
GLP (Good Laboratory Practice).
Non-GLP studies will be evaluated
on a case-by-case basis.”

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by
a “third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

Based on the poor quality of the study
the EPA does not consider that this
study has been carried out according
to GLP.

Measurements were taken at 0, 4, 8,
12, 24, 48 hours and then every two
days for 28 days. The jars were
ventilated after 24 hours, therefore
exposure was only for 24 hours and
the rest of the experiment evaluated
recovery and not actual effects due
to exposure. It is unclear what the
effects of the substance on the
microbial community would have
been if exposed for the whole test
period. As such, soils were not

That is correct. The jars were exposed
to EDN for 24 hours and then
ventilated. The closed test system for
these volatile gaseous fumigants must
be ventilated to allow oxygen
exchange and to prevent anaerobic
conditions. This study evaluates the
long-term effect of EDN on soil
microorganisms. As stated in the
OECD Guideline 217: “Sampling and
analysis of soils: Soil sampling
schedule: If agrochemicals are tested,

Comment accepted by the applicant.
The OECD test method determined
the effects after a single exposure on
the transformation. For volatile
substances gas tight containers
should be used and losses during
treated should be prevented.
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incubated for the 0, 7, 14 and 28
days and respiration rates were not
measured for 12 consecutive hours
as specified by OECD Guideline
217.

soil samples are analysed for glucoseinduced respiration rates on days 0, 7,
14 and 28. If a prolonged test is
required, further measurements
should be made at 14 days intervals
after day 28. This study did more
sampling periods than required by the
OECD guidelines.

No pesticide history of the
collected soils is included in the
report, it is unclear when the last
organic and mineral fertilisers were
applied. Soil organic carbon
content is not reported. It is unclear
how long the soil samples were
stored. It is unclear if the moisture
content of all soils was corrected
toward a standard value.

The soil was described in the report
and in the protocol. The soil was
collected in January of 2015 (Please
see attachment 3 of the full applicant
response available as a supporting
document, soil lab report). The soil
had strawberry crop for one year
before sampling, but has been fallow
for three months when it was sampled
for this study. There were no pesticide
or fertilizer applications for at least six
months.

Additional details in regard to soil
collection were provided but should
have been in the original report.

Respiration rates are expressed as
carbon dioxide released (mg
carbon dioxide/kg dry soil) but not
expressed per hour as specified by
OECD Guideline 217.

The results were tabulated as mg/kg
for each measurement period. A table
of mg/kg/hr is prepared and presented
in attachment 4 of the full applicant
response available as a supporting
document.

The CO2 respiration rate has been recalculated in mg carbon dioxide/kg dry
soil /hr. There is no evidence that
these values have been peer
reviewed.

The report is not well written which
makes it difficult to determine how
the study was carried out.

That is correct. The procedure
followed is not well written.

Summary of the report has been rewritten but there is no evidence to
suggest it has been peer-reviewed
and can be relied upon.

A re-written summary of the study was
also provided by the applicant for
clarification and can be found in the
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full applicant response available as a
supporting document.
There is no justification for the
highest application rate of 3333 mg
kg-1 soil, which according to the
report is five times the maximum
application rate. OECD Guideline
217 specifies that the application
rates tested should be chosen in
relation to the highest
concentration anticipated in the
field.

As explained in the OECD Guideline
217 “For agrochemicals that are
applied directly to soil, or for
chemicals for which the quantity
reaching the soil can be predicted, the
test concentrations recommended are
the Predictable Environmental
Concentration (PEC) and five times
that concentration.”

The response of the applicant is
correct as according to OECD 217 a
maximum of 10 times single
application rate can be tested.

The microbial biomass of the test
soil was not measured and/or
reported (carbon content should be
at least 1% of the total soil organic
carbon according to OECD
Guideline 217).

The soil was collected in January
2015 and soil properties were
determined. Microbial biomass C was
determined at the time of sampling
and also two weeks before the study
was initiated. Microbial biomass C of
the test soil was confirmed to be >1%
of the TOC. Soil microbial biomass C
was calculated from the relationship:

Microbial biomass calculated but no
evidence that this has been peerreviewed or is scientifically robust.

Biomass C = Ec/kEC (Ec is organic C
extracted from fumigated soil –
organic C extracted from nonfumigated soil; kEC = 0.45.
Reference: Steenworth, K.L., Jacson,
L.E., Calderon, F.J., Scow, K.M.,
Rolston, D.E., 2005. Response of
microbial community composition and
activity in agricultural and grassland
soils after a simulated rainfall. Soil
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Biology & Biochemistry 37, 2249–
2262.
Treatment of soil with glucose addition releases more CO2 at the beginning and glucose with cyanogen treatment
released more CO2 at a later period.
Conclusion

July 2018

These conclusions are considered to be unreliable however, given the issues identified with the way the study has been
performed.
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Table 48: Soil-microorganism nitrogen transformation
Study type

Soil-microorganism nitrogen transformation

Flag

Disregarded study

Test Substance

Cyanogen (C2N2)

Endpoint

No endpoint reported, see general conclusion below

Value

No value reported, see general conclusion below

Reference

Ajwa, H. (2015). Soil microorganism-nitrogen transformation for cyanogen (C2N2) study using OECD 216 test method.
Performing laboratory: Ajwa Analytical Laboratories, 1514 Moffett Street, Salinas, California 93905. Laboratory study ID:
AAL 2015-11. Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed:
May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

OECD Guideline 216

Dose Levels

667 mg/kg and 3333 mg/kg (nominal)

Analytical measurements

Gas chromatography (GC)

Study Summary

Since there are major issues with this report (as described in the comments sections below), and the study was given a
Klimisch score of 3 (not reliable) no further evaluation of the study was carried out.
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EPA’s initial comments

Applicant’s response

EPA’s final comments

Results of this study are considered
unreliable for the reasons listed below

Key points

The study was not carried out in
accordance with GLP. The EPA
data requirements stipulate that
“Studies should be performed to
GLP (Good Laboratory Practice).
Non-GLP studies will be evaluated
on a case-by-case basis.”

As stated in the reports, these studies
were conducted using Good
Laboratory Practices. See Attachment
1 (full applicant response available as
a supporting document) for
documentation. This documentation is
being provided because there is no
GLP certification in the US. GLP
certification is self-proclaimed, but the
studies that are submitted to the US
EPA and the performing lab are
subject to audit. GLP audits of Ajwa
Analytical Laboratories were done by
a “third party”. The facility audits
conducted were similar to the
assessment procedure used to certify
laboratories described in International
Accreditation New Zealand
(http://www.ianz.govt.nz).

Based on the poor quality of the study
the EPA does not consider that this
study has been carried out according
to GLP.

The jars were ventilated after 24
hours. As such, soils were not
incubated for the 0, 7, 14 and 28day incubation times as specified
by OECD Guideline 216. Soils were
not exposed to cyanogen for a
sufficient amount of time.

That is correct. The jars were exposed
to EDN for 24 hours and then
ventilated. The closed test system for
these volatile gaseous fumigants must
be ventilated to allow oxygen
exchange and to prevent anaerobic
conditions. This study evaluates the
long-term effect of EDN on soil
microorganisms.

Comment accepted by the applicant.
The OECD test method determined
the effects after a single exposure on
the transformation. For volatile
substances gas tight containers
should be used and losses during
treated should be prevented.
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The report is not well written which
makes it difficult to determine how
the study was carried out.

That is correct. The procedure
followed is not well written.

There is no justification for the
highest application rate of 3333 mg
kg-1 soil, which is five times the
maximum application rate. OECD
Guideline 216 specifies that the
application rates tested should be
chosen in relation to the highest
concentration anticipated in the
field.

As explained in the OECD Guideline
216 “For agrochemicals that are
applied directly to soil, or for
chemicals for which the quantity
reaching the soil can be predicted, the
test concentrations recommended are
the Predictable Environmental
Concentration (PEC) and five times
that concentration.”

The response of the applicant is
correct as according to OECD 217 a
maximum of 10 times single
application rate can be tested.

The microbial biomass of the test
soil was not measured and/or
reported (carbon content should be
at least 1% of the total soil organic
carbon according to OECD
Guideline 216).

The soil was collected in January
2015 and soil properties were
determined (attachment 3 of the full
applicant response available as a
supporting document). Microbial
biomass C was determined at the time
of sampling and also two weeks
before the study was initiated.
Microbial biomass C of the test soil
was confirmed to be >1% of the TOC.

Microbial biomass has been
calculated but no evidence that this
value has been peer-reviewed and
can be relied upon.

A re-written summary of the study was
also provided by the applicant for
clarification and can be found in the
full applicant response available as a
supporting document.

Summary of the report has been rewritten but here is no evidence to
suggest it has been peer-reviewed or
been through any form of quality
assurance and can be relied upon.
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As described in the OECD guidance
“Test substances that contain high
quantities of nitrogen may
contribute to the quantities of
nitrate formed during the test. If
these substances are tested at a
high concentration (e.g. chemicals
which are expected to be used in
repeated applications) appropriate
controls must be included in the
test (ie, soil plus test substance but
without plant meal). Data from
these controls must be accounted
for in the ECx calculations”. No
corrections for this have been
made in the report.

Soils plus test substance with and
without plant meal were included. With
respect to nitrate production, there
were no differences between control
soils and EDN treated soils until day
14. Maximum recovery of nitrates
occurred in the alfalfa-amended
control soil without EDN. The alfalfaamended EDN-treated soil showed
much less recovery of nitrate.
However, nitrate concentrations in the
alfalfa-amended control soils were
higher at 14 and 28 days than all other
treatments. The 28 days evaluation
was the minimum time required by the
OECD 216 test method. However, a
long-term incubation study (90-day
incubation) was conducted after
submitting the final report. Attachment
5 of the full applicant response
(available as a supporting document)
describes the long-term incubation
study that was performed to determine
the effects of EDN on nitrogen
transformation by soil
microorganisms. In brief, jars were
ventilated 24 hrs after application.
Jars were kept in the dark at room
temperature ± 20°C for 90 days.
Moisture was adjusted by applying 5
to 10 mL of water to the jars every 7 to
10 days to replenish the amount
evaporated. The soil was never
allowed to fully dry. After 90 days (on

July 2018

Explanation provided by the applicant
appears to be plausible.
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August 3, 2015), ammonium nitrogen
(NH4-N) and nitrate nitrogen (NO3-N)
were extracted with 0.2 M KCl and
determined by using a flow injection
analyser as described in the report.
Analytical method performance was
monitored by duplicating the sample
and analysis of reference standards.

Conclusion

Total nitrogen transformation comprised both NH4-N and NO3-N concentrations. The NH4-N concentrations in
ethanedinitrile treated soils were higher compared to the control and alfalfa treatment. The differences were greater than
25%. For NO3-N, there was no difference between control and ethanedinitrile-treated soil. NO3-N concentrations were the
lowest in alfalfa-amended with a high-dose rate of ethanedinitrile, which was due to excess amount of ethanedinitrile (five
times above the recommended dose rate) used in this study that would have formed excess NH 4-N toxic to nitrifying
bacteria but will not happen in commercial situation where the soil is applied with the recommended dose rate.
These conclusions are considered unreliable however, given the issues identified with the way the study has been
performed.
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Table 49: Soil-microorganism nitrogen transformation (addendum)
Study type

Soil-microorganism nitrogen transformation additional data to previous study
(90-day incubation data collected after submitting the final report).

Flag

Disregarded study

Test Substance

Cyanogen (C2N2)

Endpoint

No endpoint reported, see general conclusion below

Value

No value reported, see general conclusion below

Reference

Ajwa, H. (2015). Soil microorganism-nitrogen transformation for cyanogen
(C2N2) study using OECD 216 test method (addendum). Performing
laboratory: Ajwa Analytical Laboratories, 1514 Moffett Street, Salinas,
California 93905. Laboratory study ID: AAL 2015-11. Sponsor: Lučebni
zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic.
Completed: May 22, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

OECD Guideline 216

Dose Levels

667 mg/kg and 3333 mg/kg (nominal)

Analytical measurements

Gas chromatography (GC)

Study Summary

Since there are major issues with this report (as described in the comments
sections below), and the study was given a Klimisch score of 3 (not reliable)
no further evaluation of the study was carried out.

Comments

This is not a full study, just presents additional data to the previous study (90day incubation data collected after submitting the final report). Comments
noted above also apply to this addendum.
This study shows that cyanogen has no long-term effect on microbial
activities involved in nitrogen transformations in soil.

Conclusion

These conclusions are considered to be unreliable however, given the issues
identified with the way the study has been performed.

Table 50: Acute toxicity to freshwater algae
Study type

Acute toxicity to freshwater algae

Flag

Disregarded study

Test substance

Ethanedinitrile (C2N2)

Endpoint

72-hour IC50

Value

1.28 mg/L [based on nominal concentration which is not correct due to the
rapid degradation]

Reference

Eminger, I, S. (2015). Acute toxicity effect of EDN on freshwater alga
Desmodesmus subspicatus. Performing laboratory: EMPLA AG spol. s r. o.
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Za Škodovkou 305, 503 11 Hradec Králové, Czech Republic. Sponsor:
Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech
Republic. Completed: April 29, 2015.
Klimisch score

3 (not reliable)

Amendments/deviations

Issues are detailed in the comments section below

GLP

No

Test guideline/s

OECD Guideline 201

Dose levels

0.05, 0.1, 0.2, 0.4 and 0.8 mg/L (nominal)

Analytical measurements

None

Study summary

Since there are major issues with this report (as described in the comments
sections below), and the study was given a Klimisch score of 3 (not reliable)
no further evaluation of the study was carried out.
The EPA considers the results of this study unreliable for the following
reasons:


The study was not carried out in accordance with GLP. The EPA
data requirements stipulate that “Studies should be performed to
GLP (Good Laboratory Practice). Non-GLP studies will be evaluated
on a case-by-case basis.”



The report is of poor written quality, which makes it difficult to
determine exactly how the study was performed (experimental
details are inadequate). Furthermore, some of the appendices are
not in English and cannot be evaluated therefore. A full translation of
the document should be provided.



Exact concentrations of EDN in test solutions during the study were
below limit of quantification of GC FID analyser (LOQ 25 mg/L) and
could not be measured. Only the concentration of EDN in the stock
solution could be determined. As such, it is unclear how it was
possible to determine a 72-hr IC50 when it is stated that within the
first five hours only 30-37% of EDN remains present, falling to 1015% after 24 hours and 1.25% after 48-hours. After 72 hours the
concentration is negligible. The EC50 should be calculated using the
time-weighted average (TWA) concentrations.



IC50 is the mean concentration of the test substance estimated to
inhibit 50% of Desmodesmus subspicatus culture (determined by
growth speed) within 72 hours.



No information on how the test substance was prepared.



It is unclear how many replicates were performed. Based on the raw
data it seems there are 2-3 controls and 2-3 replicates per
treatment. The number of controls is insufficient.



Unclear if the effect concentration is based on yield or growth rate. It
is also based on the nominal concentration while it is very clear that
that is inappropriate.



The headspace volume is not reported. The test medium should fill
the whole vessel to ensure optimal contact, test medium can be

Comments

July 2018

107
Science memo for application to import or manufacture EDN for release (APP202804)

adjusted to ensure that there is enough CO2 for the algae to grow. It
is not possible to verify what has been done.

Conclusion



EC50 should have been calculated in shorter time frames since the
concentration decreased so rapidly that recovery could have taken
place. They should have prepared additional vessels to evaluate
this. This is also required to determine if the growth rate is stable or
fluctuating during the test (also variation between the replicates
would have been useful).



The method is poorly described and the raw data at the end are
difficult to read.



EMPLA AG includes a statement to state that EDN was
exceptionally difficult to perform standardised tests are mostly due
to fast degradation in water and high volatility in combination with
high toxicity of the gas. Could not maintain constant concentration of
EDN in the test media.



Unclear whether organisms were exponentially growing. States
“complied” next to this criterion in the study report but no evidence
for this is provided. This is the same for other validity criteria.

Due to ethanedinitrile instability, organisms in the field conditions could not
be exposed to a constant concentration of ethanedinitrile for three days. The
report states that the 72-hr IC50 values determined may be of higher
environmental relevance since they reflect the natural degradation of
ethanedinitrile and therefore represent toxicity of ethanedinitrile and its
consequent degradation products.
These conclusions are considered to be unreliable however, given the issues
identified with the way the study has been performed.

Table 51: Acute toxicity to freshwater invertebrates
Study type

Acute toxicity to the freshwater aquatic invertebrate Daphnia magna

Flag

Disregarded study

Test Substance

Ethanedinitrile (C2N2)

Endpoint

EC50 (48-hours)
Test 1: 2.97 mg/L

Value

Test 2: 3.33 mg/L

Reference

Eminger, I, S. (2015). Acute toxicity effect of EDN on Daphnia magna.
Performing laboratory: EMPLA AG spol. s r. o. Za Škodovkou 305, 503 11
Hradec Králové, Czech Republic. Sponsor: Lučebni zăvody Draslovka a.s.
Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: April 29,
2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No
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Test Guideline/s

OECD Guideline 202
Test 1: 0.5, 1, 2, 4 and 5 mg/L (nominal)

Dose Levels

Test 2: 1, 2, 3, 4 and 5 mg/L (nominal)

Analytical measurements

None

Study Summary

Since there are major issues with this report (as described in the comments
sections below), and the study was given a Klimisch score of 3 (not reliable)
no further evaluation of the study was carried out.
The EPA considers the results of this study unreliable for the following
reasons:


The study was not carried out in accordance with GLP. The EPA
data requirements stipulate that “Studies should be performed to
GLP (Good Laboratory Practice). Non-GLP studies will be evaluated
on a case-by-case basis.”



The report is of poor written quality, which makes it difficult to
determine exactly how the study was performed (experimental
details are inadequate). Furthermore, some of the appendices are
not all in English and therefore cannot be evaluated.



Constant conditions were not maintained. Exact concentrations
during the study were below limit of quantification of GC FID
analyser (LOQ = 25 mg/L). It is unclear if the test was performed
semi-static, it is not preferred but in this case would have been the
only option to maintain the exposure concentrations. It can be done
without harm to the Daphnids. This test can be performed without a
headspace. It is not clear how big the vessels were.



Unclear how the test substance has been prepared.



Unclear how a 48-hour LC50 has been determined if the
concentrations Daphnids were exposed to during the test is
unknown. It appears to be based on nominal concentrations while in
this instance it should be based on average measured
concentrations. Analytical method should have been optimised or at
least demonstrated that it was not possible.

Comments

Conclusion

Ethanedinitrile is very unstable in water solutions, organisms in the field
conditions could not be exposed to constant concentration of ethanedinitrile
for two days. States that the 48-hr EC50 values determined may be of higher
environmental relevance since they reflect the natural degradation of
ethanedinitrile and therefore represent toxicity of ethanedinitrile and its
consequent degradation products.
These conclusions are considered to be unreliable however, given the issues
identified with the way the study has been performed.

Table 52: Acute toxicity to freshwater vertebrates (fish)
Study type

Acute toxicity to the freshwater aquatic vertebrate (fish) Poecilia reticulata

Flag

Disregarded study

Test Substance

Ethanedinitrile (C2N2)
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Endpoint

LC50 (96-hours)

Value

1.40 mg/L

Reference

Eminger, I, S. (2015). Acute toxicity effect of EDN on freshwater fish Poecilia
reticulata. Performing laboratory: EMPLA AG spol. s r. o. Za Škodovkou 305,
503 11 Hradec Králové, Czech Republic. Sponsor: Lučebni zăvody Draslovka
a.s. Kolín, Havlíčkova 605, 280 99 Kolín, Czech Republic. Completed: April
29, 2015.

Klimisch Score

3 (not reliable)

Amendments/Deviations

Issues are detailed in the comments section below

GLP

No

Test Guideline/s

OECD Guideline 203

Dose Levels

0.1, 0.5, 1.0, 2.0 and 4.0 mg/L (nominal)

Analytical measurements

None

Study Summary

Since there are major issues with this report (as described in the comments
sections below), and the study was given a Klimisch score of 3 (not reliable)
no further evaluation of the study was carried out.
The EPA considers the results of this study unreliable for the following
reasons:

Comments
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The study was not carried out in accordance with GLP. The EPA
data requirements stipulate that “Studies should be performed to
GLP (Good Laboratory Practice). Non-GLP studies will be evaluated
on a case-by-case basis.”



The report is of poor written quality with very little detail on how the
tests were performed which makes it difficult to determine exactly
how the study was performed (experimental details are inadequate).
Furthermore, some of the appendices are not in English and
therefore cannot be evaluated.



Unclear what test vessels were used and the headspace. It is
unclear what the loading of fish per litre was.



Effect concentrations were expressed in terms of nominal
concentrations and not corrected for the exposure.



Unclear which was the performing laboratory and who was the study
director. Study director listed as Husein Ajwa and Ajwa performing
Analytical Laboratories but signed by Ing. Stanislav Eminger as
“Director of the Study”.



Constant conditions were not maintained. Exact concentrations
during the study were below limit of quantification of GC FID
analyser (LOQ = 25 mg/L). Indicated that due to time pressure no
more sensitive analytical method could be developed, this is not
acceptable. As with the other studies, calibration curves are missing.



Unclear how the 96-hour LC50 could be determined if it is not known
what concentration of cyanogen the fish were exposed to during the
test. This should have been corrected for actual exposure.
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Conclusion

Ethanedinitrile is very unstable in water solutions, organisms in the field
conditions could not be exposed to constant concentration of ethanedinitrile
for four days. States that the 96-hr LC50 value determined may be of higher
environmental relevance since it reflects the natural degradation of
ethanedinitrile and therefore represent toxicity of ethanedinitrile and its
consequent degradation products.
These conclusions are considered to be unreliable however, given the issues
identified with the way the study has been performed.

Table 53: Acute toxicity to freshwater invertebrates
Study type

Chironomid acute toxicity test, water spiked

Flag

Key study

Test Substance

Sodium cyanide

Endpoint

NOEC and EC50 (24-hours and 48-hours)

Value

EC50 values were 32.5 µg free CN-/L (24-hours, TWA) and 12.4 µg free CN-/L
(48-hours, TWA).
NOEC (48-hours) was 6.9 µg free CN-/L (TWA).

Reference

Simon, M. (2011). Acute toxicity of sodium cyanide on Chironomus riparius.
Performing laboratory: Fraunhofer-Institute for Molecular Biology and Applied
Ecology (IME), 57377 Schmallenberg, Germany. Principal sponsor: CEFIC
Cyanide Sector Group, Avenue E. van Nieuwenhuyse 4, 1160 Brussels,
Belgium. Completed: August 23, 2011.

Klimisch Score

1 (reliable without restriction)

Amendments/Deviations

None

GLP

Yes

Test Guideline/s

OECD Guideline 203

Dose Levels

5.31, 13.3, 33.2, 82.8 and 208 µg CN-/L (nominal)

Analytical measurements

Concentrations of free cyanide were analysed photometrically (Merck
Spectroquant® 14800) at start and end of each exposure period.
First instar larvae of Chironomus riparius were exposed to the test substance
dissolved in water at a range of five concentrations for 48 hours. The larvae
were placed in water containing concentrations of 5.31, 13.3, 33.2, 82.8 and
208 µg CN-/L (nominal). The test was conducted under semi-static
conditions. After 24 and 48 hours of exposure, immobilisation was observed.

Study Summary

The concentrations of free cyanide in the acute chironomid test were
analysed photometrically (Merck Spectroquant 14800) at start and end of
each exposure period (LOQ = 7.4 µg CN-/L).
The measured concentrations of free cyanide in freshly prepared solutions
were 65 to 113% of nominal concentrations. The measured concentrations in
aged solution were below LOQ. Due to decreasing concentrations of the test
item over the course of the study and measured concentrations outside a
range of 80 to 120% of nominal, the calculations of the determination of
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NOEC and ECx-values were related to Time Weighted Average (TWA)
measured concentrations.
No significantly increased immobility (NOEC) up to and including a
concentration of 6.9 µg free CN-/L (TWA) was detected after 48 hours of
exposure when compared to the control specimens. The 24h-EC50 for the
tested species was estimated at 32.5 µg (95% CL = 21.4 - 75.6) free CN-/L
(TWA). The 48h-EC50 for the tested species was estimated at 12.4 µg (95%
CL = 6.4 - 23.0) free CN-/L (TWA).
Comments

None

Conclusion

Exposure to sodium cyanide resulted in a NOEC of 6.9 µg free CN-/L (TWA)
for acute immobilisation of larvae of Chironomus riparius under the chosen
test conditions. The 24h-EC50 is 32.5 µg free CN-/L (TWA), the 48h-EC50 is
12.4 µg free CN-/L (TWA).

Table 54: Acute toxicity to aquatic freshwater plants
Study type

Lemna sp., Growth Inhibition Test

Flag

Supporting study

Test Substance

Sodium cyanide

Endpoint

ErC50 (7-days)

Value

31.7 µg CN-/L

Reference

Wenzel, A. (2011). Effect of sodium cyanide on the growth of Lemna gibba
(OECD 221), semi-static conditions. Performing laboratory: FraunhoferInstitute for Molecular Biology and Applied Ecology (IME), 57377
Schmallenberg, Germany. Study code: IPW-001/4-54/J. Principal sponsor:
CEFIC Cyanide Sector Group, Avenue E. van Nieuwenhuyse 4, 1160
Brussels, Belgium. Completed: August 23, 2011.

Klimisch Score

1 (reliable without restriction)

Amendments/Deviations

None

GLP

Yes

Test Guideline/s

OECD Guideline 221

Dose Levels

5.01, 15.9, 50.1, 158 and 500 µg CN-/L (nominal concentrations)

Analytical measurements

Concentrations of free cyanide were analysed photometrically (Merck
Spectroquant® 14800) at start and end of each exposure period.
The toxicity of the test item sodium cyanide on the growth of the aquatic plant
Lemna gibba under semi-static conditions (daily media renewal) over a test
period of seven days.

Study Summary

July 2018

The test item was dissolved in the test medium. For the determination of the
growth of Lemna, three replicates for each concentration and six replicates
for the control (test medium only) were exposed to nominal concentrations in
terms of cyanide of 5.01, 15.9, 50.1, 158 and 500 µg CN-/L (spacing factor
3.16).
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The concentrations of free cyanide in the Lemna test were analysed
photometrically (Merck Spectroquant® 14800) at start and end of each
exposure period (LOQ = 7.4 µg CN-/L).
The measured concentrations of free cyanide were between 72.8 and
142.5% of nominal in the four highest test concentrations at the start of the
exposure periods (mean recovery per treatment 93.8 to 132% of nominal). As
expected, the concentrations of nominal 5.01 µg CN-/L was below the LOQ.
The free cyanide concentrations decreased during the 24 hour exposure
periods to levels between <LOQ and 5.99% of the measured initial
concentrations in the two highest treatment. Based on the measured values
the mean recovery was 4.81% of the measured initial values. In other
treatments the free cyanide concentrations were below LOQ at the end of the
24 hour exposure period.
To avoid an underestimation of toxicity by using the calculated values, the
measured values were preferred. For concentrations <LOQ (7.4 µg CN-/L)
the half LOQ (3.7 µg CN-/L) was used for calculation of the mean measured
concentrations (geometric mean).
For each exposure interval the mean measured concentration was
calculated. The arithmetic means of the individual exposure concentrations
were used for the evaluation of the test (3.70, 7.40, 14.0, 39.7, 93.6 µg CN/L).
Effects on Lemna growth:
The ErC50 for the test endpoint growth rate of the primary measurement
variable frond number was calculated to be 40.4 µg CN-/L, for frond area 31.7
µg CN-/L and for dry weight 63.3 µg CN-/L.
The respective ErC10 values were 6.16, 5.47 and 8.99 µg CN-/L. The NOEC
values for both frond number and area were 3.70 µg CN-/L and for dry weight
7.40 µg CN-/L.
The EYC50 value for frond number was 14.8 µg CN-/L, for frond area 11.6 µg
CN-/L and for dry weight 13.1 µg CN-/L. The respective EYC10 values were
3.81 µg CN-/L, 3.67 µg CN-/L and 3.58 µg CN-/L (the last two mentioned
values were extrapolated, lowest test concentration was 3.70 µg/L). The
NOEC values for the three parameters were 3.70 µg CN-/L.
The 7-day ErC50 value for frond area of 31.7 µg CN-/L represented the lowest
EC50 value.
Comments

None

Conclusion

ErC50 = 31.7 µg CN-/L frond area, growth rate

Table 55: Algal growth inhibition
Study type

Algal growth inhibition test

Flag

Key study

Test Substance

Hydrogen cyanide (liquid)
72-hour EbC50

Endpoint
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0.04 mg/L (EbC50)
Value

0.12 mg/L (ErC50)

Reference

Doležalová, L. (2002). Algal growth inhibition test. Performing laboratory:
Výzkumný Ústav Organických Sytéz / Centre of Ecology, Toxicology and
Analytics (VUOS / CETA), A.S. 532 18 Pardubice, Rybitví, Czech Republic.
Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova 605, 280 99 Kolín,
Czech Republic. Completed: 20 March, 2002.

Klimisch Score

2 (reliable with restriction)

Amendments/Deviations

None

GLP

Appears to be but cannot be verified as GLP Certificate in Czech

Test Guideline/s

MŽP (Ministry of the Environment) Regulation No 299/1998 Coll., part 103,
Method III – Algal growth inhibition. OECD Guideline 201.

Dose Levels

0.05, 0.03, 0.06, 0.09, 0.12, 0.15 and 0.3 mg/L (nominal)

Analytical measurements

None
Green planktonic freshwater alga Scenedesmus subspicatus Brinkmann
1953/SAG 86.81 obtained from a collection of autotrophic organisms of the
Institute of Botany, ASCR Třeboň on 15 Oct 2001. The stock culture was reinoculated from slope agar and grown in beakers with 100 mL of nutrient
medium; it was kept outside direct daylight at laboratory temperature and reinoculated once a week into a fresh medium.
Algal inoculum for the test was collected from an exponentially growing
inoculation culture. Stock culture was put to pre-cultivation 3 days before
commencing each test. 5 mL of nutrient stock solution was mixed with 40 mL
of water. Such volume of stock algal culture was added so that after diluting
the solution 10x, the cell concentration reached 10 000 in one mL. Inoculation
culture was maintained for three days under the conditions of the test. After
this stage, it was in the stage of exponential growth and its cell concentration
reached a level suitable for the test. Cell concentration of the inoculation
culture was measured immediately before commencement of the test and the
necessary volume of inoculum was calculated.

Study Summary

At the beginning and at the end of the test, a determination of concentration
of the tested substance was carried out by volumetric method. Solutions in
flasks with the highest concentration of the tested substance were analysed.
Solutions with the lowest content of the tested substance could not be
analysed as their concentrations are below determination limit of the used
analytical method, which is 0.1 mg/L in direct determination; therefore, such
concentration that can still be safely determined was opted for. All
determinations were carried out after the algae were filtered away. Filtration
was performed using an inert membrane filter with 0.2 μm porosity.
Seven concentrations of the test substances were tested. The whole test was
repeated twice.
The test results of algal growth inhibition were (calculated from measured
concentrations):
EbC50 (0-72h) = 0.04 mg/L
ErC50 (0-72h) = 0.12 mg/L
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Comments

None

Conclusion

Hydrogen cyanide (liquid, stabilised) is very ecotoxic to algae

Table 56: Daphnia acute immobilisation test
Study type

Daphnia acute immobilisation test

Flag

Supporting study

Test Substance

Hydrogen cyanide (liquid)

Endpoint

48-hour EC50

Value

1.07 mg/L

Reference

Doležalová, L. (2002). Daphnia acute immobilisation test. Performing
laboratory: Výzkumný Ústav Organických Sytéz / Centre of Ecology,
Toxicology and Analytics (VUOS / CETA), A.S. 532 18 Pardubice, Rybitví,
Czech Republic. Sponsor: Lučebni zăvody Draslovka a.s. Kolín, Havlíčkova
605, 280 99 Kolín, Czech Republic. Completed: 12 March, 2002.

Klimisch Score

2 (reliable with restriction)

Amendments/Deviations

None

GLP

Appears to be but cannot be verified as GLP Certificate in Czech

Test Guideline/s

MŽP (Ministry of the Environment) Regulation No 299/1998 Coll., part 103,
Method II – Daphnia acute toxicity. OECD Guideline 202.

Dose Levels

0.75, 0.90, 1.05, 1.20, 1.35, 1.50, 1.65 and 1.80 mg/L (nominal)

Analytical measurements

None
Daphnia magna Straus were obtained by acyclic parthenogenesis from own
laboratory breed. Organisms were fed a mixture of algae. Their sensitivity is
tested on a regular basis using a test with potassium dichromate as reference
substance. To obtain the specimen for the test, adult gravid females were
separated into dilution water and born Daphnia were separated within 24
hours on a sieve with an internal diameter of 0.1 mm. From there they were
washed into a handling container, from which they were counted for the test.

Study Summary

A preliminary test was conducted to determine the range of concentrations to
be tested. Seven concentrations were used for the preliminary test. Dilution
to the required concentration was done using dilution water. Total volume for
one dilution is 50 mL; 10 Daphnia were inserted into each solution. A parallel
check test was performed using only dilution water. Daphnia immobilization
was monitored after 24 and 48 hours. Based on the preliminary test results,
concentration series for the complete test were determined.
Dilution water for tests 1 and 2 was prepared from distilled water with
conductivity 0.81 μS/cm. Dilution water was pH 7.64. Calcium and
magnesium content in dilution water was 2.57 mmol/L. The basic solution of
the tested substance was 15 mg/L hydrogen cyanide in distilled water. The
complete test was performed in eight concentrations of the tested substance
in parallel with a check solution of dilution water only. The total volume of
each solution was 50 mL and 20 Daphnia were used.
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The solutions were always performed in parallel, twice and the numbers of
Daphnia in both rows were added. During the test, immobilization of Daphnia
was monitored every 24 hours. At the beginning and at the end of the test the
ambient temperature was recorded and oxygen content and pH value were
measured. The test was performed once again under the same conditions.
The test results of acute toxicity to Daphnia magna were (calculated from
measured concentrations):
48-hour EC50 = 1.07 mg/L
Comments

None

Conclusion

Hydrogen cyanide (liquid, stabilised) is ecotoxic to Daphnia

Ecotoxicology literature
The applicant also submitted several ecotoxicity documents from the literature. These have been
listed, and a very brief summary has been outlined in Table 58 below.

Table 57: Ecotoxicology literature references
Reference

Summary of results

Gensemer et al. (2006). Chapter 14: Aquatic
toxicity of cyanide. In: Cyanide in Water and Soil:
Chemistry, Risk, and Management. Dzombak et
al.

LC50 value calculated from 119 LC50 values from fish
acute studies from 17 fish species.

Clark et al. (2006). Chapter 15: Toxicity of
Cyanide to Aquatic-Dependent Wildlife. In:
Cyanide in Water and Soil: Chemistry, Risk, and
Management. Dzombak et al.

Bioaccumulation of cyanide is not expected. Sub-lethal
doses are rapidly metabolised and excreted.

Lanno, R.P. and Menzie, C.A. (2006). Chapter 17:
Ecological Risk Assessment of Cyanide in Water
and Soil. In: Cyanide in Water and Soil:
Chemistry, Risk, and Management. Dzombak et
al.

An ecological risk assessment of cyanide in water and
soil.

Barcroft, J. (1931). The toxicity of atmosphere
containing hydrocyanic acid gas. From the War
Department, Experimental Station.

Exposed chickens, rock doves and canaries to HCN in
the air and plotted the relationship between dosage and
length of exposure. All three species exposed to 0.119
mg/L. Chickens survived for 60 minutes (maximum time
recorded), pigeons died in 10 minutes, and canaries died
in three minutes. Canaries survived concentrations 352,
119, 73, 68, 48 and 46 mg/m3 for approximately 2, 3, 3.5,
6, 15, and 27 minutes, respectively.

Smith et al. (1978). Acute toxicity of Hydrogen
Cyanide to Freshwater Fishes. Arch. Environm.
Contam. Toxicol, 7, 325-337.

Acute toxicity of hydrogen cyanide was determined at
various temperatures from 4 to 30°C and oxygen
concentrations of 3.36 to 9.26 mg/L on different life
history stages of five species of fish: fathead minnow,
Pirnephales promelas Rehesque; bluegill, Lepomis
macrochirus Rafinesque; yellow perch, Perca jlavescens

July 2018

More than 20 aquatic invertebrate species were tested
towards cyanides in Gensemer (2006). The LC50 values
were in the range of 78 – 50,000 µg cyanide/L in 48 to
96-hour long exposure.
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(MitcHl); brook trout, Salvelinus fontinalis (MitcMl); and
rainbow trout, Salrno gairdneri Richardson. Median lethal
threshold concentrations and 96-hr LC50's were
established by flow-through type bioassays. Acute
toxicity varied from 57 pg/L for juvenile rainbow trout to
191 pg/L for field stocks of juvenile fathead minnows.
Juvenile fish were more sensitive at lower temperatures
and at oxygen levels below 5 mg/L. For most species
juveniles were most sensitive and eggs more resistant.
Kovaks, T. G. and Leduc, G. (1982). Acute toxicity
of cyanide to rainbow trout (Salmo gairdneri)
acclaimed at different temperature. Can. J. Fish.
Aquat. Sci. 39: 1426-1429.

The toxicity of cyanide (HCN) to juvenile rainbow trout
(Salmo gairdneri) acclimated for three weeks at 6, 12
and 18°C was determined at these temperatures by flowthrough bioassays, in the cyanide concentration range of
0.018-0.087 mg/L. The 96-h median lethal
concentrations (LC50) were 0.028 ± 0.004 mg/L at 6°C,
0.042 ± 0.004 mg/L at 12°C, and 0.068 ± 0.004 mg/L at
18°C. Warm acclimatised rainbow trout survived longer
in lethal concentrations of cyanide. Toxicity curves
clearly showed the temperature effect on the acute
toxicity of cyanide is concentration dependent. At slowly
lethal concentrations, cyanide is more toxic at lower
temperatures, whereas the rapidly lethal levels the
reverse occurs; the reversal takes place at 0.10 mg/L
HCN.

Kovaks, T. G. (1979). The effect of temperature on
cyanide toxicity to rainbow trout (Salmo gairdneri).
Masters thesis.

Essentially same as above.
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Appendix K: Standard terms and abbreviations
Abbreviation

Definition

ai

active ingredient

ADE

Acceptable Daily Exposure

ADI

Acceptable Daily Intake

AOEL

Acceptable Operator Exposure Level

BBCH

Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie

BCF

Bioconcentration Factor

Bw

body weight

CAS #

Chemical Abstract Service Registry Number

cm

centimetres

CRfD

Chronic Reference Dose

DDD

Daily Dietary Dose

DMC

Decision-Making Committee

DT50

Dissipation Time (days) for 50% of the initial residue to be lost

dw

dry weight

EbC50

EC50 with respect to a reduction of biomass

EC

European Commission

EC25

Effective Concentration at which an observable adverse effect is caused in 25 %
of the test organisms

EC50

Effective Concentration at which an observable adverse effect is caused in 50 %
of the test organisms

EEC

Estimated Environmental Concentration

EEL

Environmental Exposure Limit

EFSA

European Food Safety Authority

ErC50

EC50 with respect to a reduction of growth rate (r)

ER50

Effective Residue concentration to 50% of test organisms

g

grams

GAP

Good Agricultural Practice

GDP

Gross Domestic Product

GENEEC

Generic Estimated Environmental Concentration

ha

hectare
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HQ

Hazard Quotient

Kd

partition (distribution) coefficient

Koc

organic carbon adsorption coefficient

Kow

octanol water partition coefficient

Kg

Kilogram

L

litres

Lb

pounds

LC50

Lethal Concentration that causes 50% mortality

LD50

Lethal Dose that causes 50% mortality

LOAEC

Lowest Observable Adverse Effect Concentration

LOAEL

Lowest Observable Adverse Effect Level

LOC

Level Of Concern

LOD

Limit Of Detection

LOEC

Lowest Observable Effect Concentration

LOEL

Lowest Observable Effect Level

LR50

Lethal Rate that causes 50% mortality

M

Molar

m3

cubic metre

MAF

Multiple Application Factor

μm

micrometre (micron)

mg

milligram

μg

microgram

mol

mole(s)

MSDS

Material Safety Data Sheet

NAEL

No Adverse Effect Level

ng

nanogram

NOAEC

No Observed Adverse Effect Concentration

NOAEL

No Observed Adverse Effect Level

NOEC

No Observed Effect Concentration

NOEL

No Observed Effect Level

OECD

Organisation for Economic Cooperation and Development

PDE

Potential Daily Exposure
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PEC

Predicted Environmental Concentration

PHI

Pre-Harvest Interval

pKa

Acid dissociation constant (base 10 logarithmic scale)

PNEC

Predicted No Effect Concentration

POW

Partition coefficient between n-octanol and water

ppb

parts per billion (10-9)

PPE

Personal Protective Equipment

ppm

parts per million (10-6)

REI

Restricted Entry Interval

RPE

Respiratory Protective Equipment

RQ

Risk Quotient

RUD

Residue per Unit Dose

SWI

Safe Work Instrument

WES

Workplace exposure standard
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